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SCREENING ASSAYS FOR AGENTS THAT ALTER INHIBITOR OF 
APOPTOSIS (IAP) PROTEIN REGULATION OF CASPASE ACTIVITY 



This invention was made with government support 
5 under CA 69381, AG 15402, HL 51399 and AG 14357 awarded 
by the National Institutes of Health and BC 960435 
awarded by the Department of Defense. The government has 
certain rights in the invention. 



BACKGROUND OF THE INVEN TION 

10 FTKTiD OF THE TNVF.NTION 

The present invention relates generally to 
molecular medicine and drug screening assays and more 
specifically to interactions involved in regulating 
programmed cell death and methods of identifying drugs 
15 that alter such interactions. 

RArKGROUND TKTFOttMATTON 

Normal tissues in the body are formed either by 
cells that have reached a terminally differentiated state 
and no longer divide or by cells that die after a period 

20 of time and are replaced from a pool of dividing cells. 
For example, nervous tissue is formed early in 
development and the cells of the nervous system reach a 
terminally differentiated state soon after birth. In 
general, when nervous tissue is damaged, the nerve cells 

25 are incapable of dividing and, therefore, the loss of 

function due to the damaged nerve cells is not repaired. 



In comparison to the nervous system, the skin 
is composed of stratified layers of epithelial cells, in 
which the upper (outer) layer of cells constantly is 
30 sloughed off and the lower layer of cells divides so as 
to replace the lost cells. Thus, the skin is an example 
of a tissue that is maintained in a steady- state, where 
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the number of cells that are lost is equivalent to the 
number of new cells produced. 

In some tissues such as skin, the steady-state 
is maintained, in part, due to a process of programmed 
5 cell death, in which the cells are genetically 

"programmed" to die after a certain period of time. A 
cell experiencing programmed cell death undergoes 
morphologic changes characteristic of apoptosis, 
including, for example, fragmentation of its DNA and 
10 collapse of its nucleus. 



Apoptosis is particularly prominent during the 
development of an organism, where cells that perform 
transitory functions are programmed to die after their 
function no longer is required. In addition, apoptosis 

15 can occur in cells that have undergone major genetic 

alterations, thus providing the organism with a means to 
rid itself of defective and potentially cancer forming 
cells. Apoptosis also can be induced due to exposure of 
an organism to various external stimuli, including, for 

20 example, bacterial toxins, ethanol and ultraviolet 

radiation. Chemotherapeutic agents for treating cancer 
also are potent inducers of apoptosis. 

In tissues such as skin and intestine, which 
are turned- over continually during the life of an 

25 organism, the cells forming these tissues undergo 
programmed cell death throughout the life of the 
organism. Normally, this process is tightly regulated 
and the number of cells produced due to cell division is 
balanced by the number of cells undergoing programmed 

3 0 cell death. However, the regulation of programmed cell 
death is a complex process involving numerous pathways 
and, on occasion, defects occur in the regulation of 
programmed cell death. Given the critical role of this 
process in maintaining a steady-state number of cells in 
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a tissue or in maintaining the appropriate cells during 
development of an organism, defects in programmed cell 
death often are associated with pathologic conditions. 

Various disease states occur due to aberrant 
5 regulation of programmed cell death in an organism. For 
example, defects that result in a decreased level of 
apoptosis in a tissue as compared to the normal level 
required to maintain the steady- state of the tissue can 
result in an increased number of cells in the tissue. 

10 Such a mechanism of increasing cell numbers has been 

identified in various cancers, where the formation of a 
tumor occurs not because the cancer cells necessarily are 
dividing more rapidly than their normal counterparts, but 
because the cells are not dying at their normal rate. 

15 The first gene identified as being involved in a cell 
death pathway, the bcl-2 gene, was identified in cancer 
cells and was shown to function by decreasing the 
likelihood that cells expressing the gene would undergo 
apoptosis . 

20 In comparison to cancer, where the likelihood 

of a cell undergoing apoptosis is decreased, various 
pathologies are associated with tissues containing cells 
undergoing a higher than normal amount of apoptosis. For 
example, increased levels of apoptosis are observed in 

25 various neuropathologies, including Parkinson 1 s disease, 
Alzheimer's disease, Huntington's disease and the 
encephalopathy associated with acquired immunodeficiency 
disease (AIDS) . Since nerve cells generally do not 
divide in adults and, therefore, new cells are not 

30 available to replace the dying cells, the nerve cell 
death occurring in such diseases results in the 
progressively deteriorating condition of patients 
suffering from the disease. 
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Numerous genes involved in programmed cell 
death pathways have been identified and a role for the 
products of many of these genes has been described. As a 
result, the cellular pathways leading to apoptosis are 
5 being defined. The delineation of programmed cell death 
pathways provides targets for the development of 
therapeutic agents that can be used to manipulate the 
transfer of an apoptotic signal along the pathway. Such 
agents, for example, can be directed to a step downstream 

10 of a defect in a cell death pathway, thus bypassing the 
defect and allowing a population of cells having the 
defect to undergo a normal level of apoptosis. 
Unfortunately, critical steps in cell death pathways 
remain to be identified. Thus, a need exists to identify 

15 the factors involved in programmed cell death pathways. 
The present invention satisfies this need and provides 
additional advantages. 



SUMMARY OF THE INVENTION 

The present invention relates to the regulation 
20 of members of the caspase family of cell death proteases 
by inhibitor of apoptosis (IAP) proteins. For example, 
the invention relates to the inhibition of caspase-3, 
caspase -7 or caspase -9 activity by the X chromosome 
linked inhibitor of apoptosis (XIAP) and to the 
25 regulation of pro-caspase activation by an IAP. As 
disclosed herein, an IAP such as XIAP or a human IAP 
family protease such as c-IAP-1 or c-IAP-2 can inhibit 
the activity of a caspase and can prevent the proteolytic 
processing of a pro-caspase precursor polypeptide, thus 
30 preventing formation of the active caspase. In addition, 
an IAP can bind to an active caspase. 



The invention further provides screening assays 
for identifying agents that modulate the caspase 
inhibitory activity of an IAP and, therefore, modulate 
35 the activity of a caspase or regulate pro-caspase 
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activation by an IAP protein. In addition, the invention 
provides screening assays for identifying agents that 
alter the specific association of a caspase and an IAP 
protein. For example, the invention provides in vitro 
5 screening assays for identifying agents that alter the 
interaction of an IAP protein such as XIAP and a caspase 
such as caspase-3, caspase-7 or caspase-9. The invention 
also provides screening assays for identifying agents 
that alter the specific association of a pro-caspase and 

10 an IAP protein. For example, provided are in vitro 

screening assays for identifying agents that alter the 
interaction of an IAP protein such as XIAP and a 
pro-caspase such as pro-caspase-9 . The invention further 
provides screening assays based on cell-free apoptotic 

15 systems for identifying agents that alter the caspase 
inhibitory activity of an IAP and, therefore, regulate 
the activity of a caspase or the activation of a pro- 
caspase . 

The invention further provides methods of 
20 reducing the severity of a pathologic condition in an 
individual by administering to the individual an agent 
that alters the caspase inhibitory activity of an IAP 
and, therefore, alters the level of apoptosis of the cell 
population. For example, the invention provides methods 
25 for reducing the severity of pathologic condition such as 
a neurodegenerative disease, which is characterized by a 
pathologically elevated level of apoptosis. In addition, 
the invention provides methods for reducing the severity 
of the pathologic condition such as cancer, which is 
30 characterized by the pathologic expansion of a population 
of cells. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows CrmA and XIAP inhibition of 
caspase-8 and cytochrome c- induced processing and 
activation of pro-caspase-3 in cytosolic extracts. 
5 (A) Western analysis of 2 93 cell cytoplasmic extracts 

treated with the indicated agents using antisera specific 
for the zymogen and large subunit of caspase-3. 
Molecular weight standards are depicted to the right of 
panel A. (B) Relative DEVD-AFC cleavage activity of the 
10 293 cell cytoplasmic extracts analyzed in panel A. Data 
represent the mean +/- SE (n=2) . 

Figure 2 shows XIAP-mediated inhibition of 
pro-caspases -3,-6 and -7 processing in cytochrome c and 
caspase-8 treated extracts. (A) Western analysis with 
15 antisera specific for the zymogen and large subunit s of 
caspase-3 (upper left panel) or for the zymogen forms of 
caspase-7 or -6 (lower left panels) . The upper right 
panel shows immunoblotting using ant i- caspase-3 antiserum 
of extracts containing GST-XIAP incubated with 

2 0 glutathione -Sepharose beads. Lane 1: Glutathione beads 

incubated with extracts containing cytochrome c, dATP and 
GST-XIAP . Lane 2 : Glutathione beads incubated with 
extracts containing caspase-8 and GST-XIAP. Lane 3: 
GST-XIAP glutathione beads incubated with extracts that 
25 had been previously treated with cytochrome c and dATP. 

(B) Percentage of green fluorescent protein positive 293 
cells with apoptotic morphology and nuclear changes 
consistent with apoptosis enumerated by DAPI- staining 

(mean + SD; n = 3) at 3 6 hrs . The right panel shows 

3 0 immunoprecipitation of cell lysates using anti-myc 

monoclonal antibody with prot e in -G- Sepharose, followed by 
SDS-PAGE immunoblot analysis using ant i- caspase-3 
antiserum. Lane 1: control plasmid. Lane 2: myc-XIAP. 
Lane 3: Fas and myc-control. Lane 4: Fas plus myc-XIAP. 
3 5 (C) Schematic of XIAP-mediated inhibition of either 
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caspase-8 or cytochrome c induced activation of pro 
caspases-3, -6 and -7. 



Figure 3 shows binding of pro-caspase-9 to 
XIAP, c-IAP-1 and c-IAP-2. (A) SDS-PAGE and 
5 autoradiographic analysis of »S-L-methionine labeled U93 7 
cell lysates incubated with GST, GST-TRAF-3 (1-357) or 
GST-XIAP. The asterisk indicates a background band which 
was non- specifically recovered with the beads and serves 
as a loading control. (B) SDS-PAGE and autoradiographic 
10 analysis of reticulocyte lysates containing in vitro 
translated "S-labeled pro-caspase-9 with GST-XIAP, 
c-IAP-1 , c-IAP-2 or a GST-control fusion protein 
immobilized on glutathione - Sepharose . As a control, 
1.5 fil of the in vitro translated reaction (IVT) is 

15 included in the far right lane. 

Figure 4 shows inhibition of cytochrome 
c- induced caspase-9 processing by XI AP, c-IAP-1, and 
c-IAP-2. Shown is SDS-PAGE and autoradiogrpahic analysis 
of in vitro translated »S-labeled pro-caspase-9 added to 

20 293 cell cytosolic extracts which were then incubated 
with cytochrome c and dATP (lanes 2-6) or without 
cytochrome c and dATP (lane 1) in the presence or absence 
of the indicated GST-IAP or control GST protein. The 
positions of the processed subunits of caspase-9 are 

25 indicated by asterisks. 



Figure 5 shows that pro-caspase-9 processing 
requires Apaf-1 and cytochrome -c and is inhibited by 
XIAP, c-IAP-1 and c-IAP-2. In vitro translated 

»S- labeled pro-caspase-9 and Apaf-1 were incubated 
30 individually or together with cytochrome c and dATP. (A) 
Processing of pro-caspase-9 in the absence or presence of 
GST-IAPs monitored by SDS-PAGE and autoradiography. 
(B) Processing of pro-caspase-9 in the absence or 
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presence of Bcl-X,. monitored by SDS-PAGE and 
autoradiography. An asterisk indicates the position of 
the processed large subunit of caspase-9. 

Figure 6 shows a comparison of pro-caspase- 9 
5 inhibition by Ac-DEVD-fmk, zVAD-fmk and XIAP . Shown is 
SDS-PAGE and autoradiographic analysis of in vitro 

translated "S- labeled pro-caspase- 9 added to cytosolic 
extracts from 293 cells treated with cytochrome c and 
dATP, which were incubated in the presence of the 
10 indicated concentrations of inhibitors. The asterisk 
denotes the processed large subunit of caspase-9. 

Figure 7 shows inhibition of purified active 
caspase-9 by XIAP. (A) Immunoblot analysis of the 
purified recombinant zymogen form of caspase-3 in the 

15 presence or absence of purified His«-tagged active 

caspase-9 or GST-XIAP. Asterisks denote the processed 
forms of the large subunit of caspase-3. (B) Release of 
the AFC fluorophore from DEVD-AFC of the same samples 
analyzed in A. Activity was arbitrarily designated as 

20 100% for one of two analyzed preparations of active 

caspase-9. (C) SDS-PAGE and autoradiographic analysis of 
"S-L-methionine- labeled pro-caspase- 9 in vitro translated 

in reticulocyte lysates, purified by metal 

chromatography, boiled in Laemmli buffer and incubated in 
25 the presence or absence of recombinant active caspase-9 
with or without GST-XIAP or a GST control protein. The 
asterisk denotes the processed form of caspase-9. 

Figure 8 shows that XIAP, c-IAP-1, c-IAP-2 bind 
pro- caspase-9 in vivo and inhibit caspase-9 induced 

30 processing of caspase-3. 293T cells were transfected 
with either FLAG tagged pro-caspase- 9 or pcDNA-myc-tag 
control plasmid DNA alone, or in combination with 
myc-tagged XIAP, c-IAP-1, c-IAP-2 or a myc-tagged control 
protein. Immunoblot analysis of pro- caspase-3 was 
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performed using lysates from cells induced to undergo 
apoptosis by over expressing pro-caspase-9 in the absence 
or presence of the IAPs. (B) Lysates normalized for 
total protein content were assayed for hydrolysis of 
5 DEVD-AFC. (C) Relative apoptosis determined by 
DAPI- staining (mean ± SE; n=3) for 293 T cells 
co-transfected with pGFP and FLAG- control (-) or 
FLAG -pro-caspase-9 (+) and either pcDNA3 -myc-tag control 
plasmid, pcDNA3 -myc-XIAP, pcDNA3-myc-IAP-l or 
10 pcDNA3-myc-c-IAP-2 . (D) Immunoprecipitation of IAP 

proteins with anti-myc antibody immobilized on protein 
G-Sepharose and subsequent immunoblot analysis with 
anti-FLAG antibody for detection of pro-caspase-9. 

DETAILED DE SCRIPTION OF THE INVENTION 

15 The present invention relates to the regulation 

of members of the caspase family of cell death proteases 
by an inhibitor of apoptosis (IAP) protein. For example, 
the invention relates to the caspase inhibitory activity 
of an IAP and to the inhibition of the activity of a 

20 caspase such as caspase- 3, caspase -7 or caspase -9 by 

eukaryotic IAP (elAP) proteins such as the X chromosome 
linked inhibitor of apoptosis (XIAP; Genbank accession 
number U32974, which is incorporated herein by 
reference) , the cellular IAP proteins (c-IAP- 

25 l/HIAP-2/hMIHB and c-IAP-2/ HIAP-l/hMIHC ; Listen et al . , 
Nature 379:349-353 (1996); Rothe et al . , Cell 83:1243- 
1252 (1995) , each of which is incorporated herein by 
reference) ; the neuronal apoptosis inhibitory protein 
(NAIP; Roy et al . , 80:167-178 (1995), which is 

3 0 incorporated herein by reference) ; and survivin 

(Ambrosini et al., Nature Med. 3:917-921 (1997), which is 
incorporated herein by reference) . 



35 



The caspases are a family of cysteine proteases 
that cleave C-terminal to an aspartic acid residue in a 
polypeptide and are involved in cell death pathways 
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leading to apoptosis (see Martin and Green, 
82:349-352 (1995)). The caspases previously were 
referred to as the "Ice" proteases, based on their 
homology to the first identified member of the family, 
5 the interleukin-13 (IL-lp) converting enzyme (Ice), which 
converts the inactive 33 kiloDalton (kDa) form of 11.-1(3 
to the active 17.5 kDa form. The Ice protease was found 
to be homologous to the Caenorhabditis elegane ced-3 

gene, which is involved in apoptosis during C. elegans 

10 development, and transfection experiments showed that 

expression of Ice in fibroblasts induced apoptosis in the 
cells (see Martin and Green, supra, 1995) . 



Additional polypeptides sharing homology with 
Ice and ced-3 have been identified and are referred to as 

15 caspases, each caspase being distinguished by a number. 
For example, the originally identified Ice protease now 
is referred to as caspase-1, the protease referred to as 
caspase-3 previously was known variously as CPP32, YAMA 
and apopain, and the protease now designated caspase -9 

20 previously was known as Mch6 or ICE-LAP6. The caspase 
family of proteases are characterized in that each is a 
cysteine protease that cleaves C-terminal to an aspartic 
acid residue and each has a conserved active site 
cysteine comprising generally the amino acid sequence 

25 QACXG (SEQ ID NO : 1) , where X can be any amino acid and 
often is arginine . The caspases are further 
subcategorized into those that have DEVD (SEQ ID NO: 2) 
cleaving activity, including caspase-3 and caspase-7, and 
those that have YVAD (SEQ ID NO: 3) cleaving activity, 

30 including caspase-1 (Martin and Green, supra, 1995) . 



A role for the caspases in apoptosis has been 
demonstrated by showing that overexpression of each of 
the identified caspases in various cell types results in 
apoptosis of the cell. In addition, expression in cells 
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of CrmA, which is expressed by cowpox virus, was shown to 
protect the cells from undergoing cell death in response 
to various inducers of apoptosis by inhibiting caspase-1 
activity. CrmA also was shown to bind caspase-3 and to 
5 inhibit proteolysis of the poly (ADP-ribose) polymerase 
(PARP) due to caspase-3, whereas a CrmA point mutant 
lacking the ability to bind caspase-3 did not inhibit 
proteolysis. PARP, as well as other cellular proteins 
including lamin B, topoisomerase I and 3 -act in, are 
10 degraded during apoptosis of a cell (see Martin and 
Green, supra, 1995) . 

Knock-out studies of various caspase genes 
indicate that the effects of the caspases may be 
cell-type specific, although more than one caspase may be 

15 expressed in a particular cell type, thereby providing a 
level of redundancy. For example, mice having the Ice 
genes knocked-out undergo normal development, indicating 
Ice activity is not critical for development. Thymocytes 
from such mice are sensitive to apoptosis induced by 

20 dexamethasone or ionizing radiation; however, the 

thymocytes are resistant to Fas induced cell death (Kuida 
et al., Science 267:2000-2003 (1995)). In comparison, 
mice having the caspase-3 genes knocked-out show normal 
apoptosis in thymocytes, but apoptosis is abnormal in 

25 brain cells. The caspase-3 knock-out mice, however, were 
born at a lower frequency than expected, were smaller 
than their normal litter mates and died at 1 to 3 weeks 
(Kuida et al . , Nature 384:368-372 (1996)). 

Involvement of the caspase proteases in 
30 apoptosis can explain, in part, the characteristic 
changes associated with apoptosis of a cell. For 
example, caspase induced proteolysis of lamin B, which is 
involved in attachment of chromatin to the nuclear 
envelope, can be responsible for collapse of the 
35 chromatin associated with apoptosis (Martin and Green, 
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supra, 1995) . Caspase induced proteolysis of the 45 kDa 

subunit of DNA fragmentation factor (DFF-45) activates a 
pathway leading to fragmentation of genomic DNA into 
nucleosomal fragments (Liu et al . , Cell 89:175-184 
5 (1997)). In addition, caspase induced proteolysis of 
PARP can prevent the ability of PARP to repair DNA 
damage, further contributing to the morphologic changes 
associated with apoptosis. Furthermore, the general 
expression of such proteins as lamin B and PARP in most 

10 cell types can explain the similar appearance of 

apoptosis observed for various cell types. Other caspase 
target proteins include sterol regulatory element binding 
proteins; retinoblastoma (RB) protein; DNA-dependent 
kinase; Ul 70 -K kinase; and the large subunit of the DNA 

15 replication complex (Wang et al . , EMBO J. 15:1012-1020 
(1996); Takahashi et al . , Proc. Natl. Acad . Scj . , USA 

93:8395-8400 (1996); Casciola-Rosen et al . , J . Exp . Med . 
183:1957-1964 (1996); and Ubeda and Habener, J. Biol. 
Chem. 272:19562-19568 (1997)). 

20 The caspases are present in cells as precursor 

polypeptides ( "pro -caspase s M ) , which lack caspase 
activity; caspase activation occurs due to proteolytic 
processing of the pro-caspase. For example, caspase -3 is 
a heterotetramer composed of approximately 17-20 kDa and 

25 11 kDa polypeptides that are formed by proteolysis of a 

32 kDa polypeptide precursor, pro-caspase- 3 . Cleavage of 
the pro -caspase -3 proceeds in two steps. The first 
cleavage results in production of a partially processed 
large subunit (22-24 kDa) that still contains the 

3 0 pro-domain, and a smaller, fully processed, subunit of 
about 11 kDa. In the second step, the pro-domain is 
cleaved from the partially processed large subunit, 
probably by an autocatalytic process, to produce the 
17-20 kDa mature, fully processed large subunit of the 

35 active caspase-3 enzyme. Removal of the pro-domain, 
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however, is not necessary for protease activation, as the 
partially processed caspase also has caspase activity. 

In mammalian cells, activation of caspases is 
achieved through at least two independent mechanisms, 
5 which are initiated by distinct caspases but result in 
activation of common "executioner" caspases. Apoptosis 
initiated by ligand binding to the Fas receptor is one 
well described cell death pathway. In this pathway, 
binding of a ligand to Fas allows the intracellular 

10 domain of Fas to bind the intracellular MORT1 (FADD) 

protein, which, in turn, binds to caspase -8 (MACH; FLICE; 
Mch5; see Boldin et al . , Qell 85:803-815 (1996); Muzio et 
al., re 11 85:817-827 (1996)). These results define 
caspase -8 as the most upstream caspase involved in the 

15 Fas cell death pathway. In addition, caspase-3 is 

activated in the Fas cell death pathway, suggesting that 
an upstream protease such as caspase -8 or a protease 
activated by caspase -8 is involved in caspase-3 
activation. 

20 Caspase activation also can involve 

cytochrome c, which in mammalian cells is often released 
from mitochondria into the cytosol during apoptosis (Liu 
et al., Cell 86:147-157 (1996); Kharbanda et al . , PrQC , 
HafcJ - Acad- Sci. . USA 94:6939-6942 (1997); Kluck et al . , 

25 Science 275:1132-1136 (1997); and Yang et al . , Science 
275:1129-1132 (1997), each of which is incorporated 
herein by reference) . Upon entering the cytosol, 
cytochrome c induces the ATP- or dATP- dependent formation 
of a complex of proteins that results in proteolytic 

30 activation of pro-caspase-3 and apoptotic destruction of 
nuclei (Liu et al., supra, 1996). Among the members of 
this complex are the CED-4 homolog Apaf-1, and caspase-9 
(Apaf-3; Liu et al . , supra, 1996; Li et al . , £fill 
91:479-489 (1997); ZOU et al . , 90:405-413 (1997)). 

35 XIAP, c-IAP-1 and c-IAP-2 suppress apoptosis induced by 
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stimuli known to cause release of cytochrome c from 
mitochondria and can inhibit caspase activation induced 
by cytochrome c in vitro. Yet, to date, the mechanism 

through which XIAP and other IAP family proteins block 
5 cytochrome c-induced apoptosis is not known. 



As disclosed herein, XIAP, cIAP-l and cIAP-2 
block two distinct pathways of caspase activation by 
inhibiting different caspases. Caspase- 8 -induced 
protease activation was suppressed by XIAP, cIAP-1 and 

10 cIAP-2 at the level of caspase-3, by inhibiting active 
caspase-3 following its initial cleavage to p24 and pl2 
subunits (see Example V) . The p24 subunit, as discussed 
above, is a partially processed form of caspase-3, which 
results from an initial cleavage of pro-caspase-3 but 

15 which has not been processed further by removal of its 
N- terminal pro-domain. Furthermore, in a cell -free 
system activated by addition of exogenous active 
caspase -8 and incubated with GST-XIAP, 
glutathione-Sepharose pulls down the p24 form of the 

20 large subunit of caspase 3 with GST-XIAP (Example V; 

Figure 2A) . In cells overexpressing Fas (CD95) , a known 
activator of caspase-8, XIAP complexed with the p24 form 
of partially processed caspase-3, and inhibited 
Fas -mediated apoptosis (Example V; Figure 2B) . In 

25 summary, these results indicate that XIAP inhibits the 
caspase-8 apoptotic pathway at the level of caspase-3, 
allowing caspase-8 to induce processing of caspase-3 but 
preventing subsequent autocatalytic maturation by 
directly binding to and inhibiting the partially 

30 processed caspase-3 enzyme. 



Through a distinct mechanism, XIAP, c-IAP-1 and 
c-IAP-2 also inhibit the apoptotic pathway induced by 
cytochrome c. In contrast to the results seen in 
caspase-8 treated extracts, where pro-caspase-3 was 
35 processed to large and small subunits, addition of XIAP 
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to cytochrome c treated extracts inhibited processing of 
pro-caspase -3 and also pro-caspases -6 and -7 
(Example V; Figure 2A) . Moreover, isolation of GST-XIAP 
protein from cytochrome c- treated extracts using 
5 glutathione -Sepharose revealed no associated caspase-3 

molecules. These results indicate that XIAP inhibits the 
cytochrome c pathway upstream of caspases -3, -6 and -7, 
since little or no processing of these caspases occurs in 
the presence of XIAP. 

10 as further disclosed herein, a 50 kDa protein 

associates specifically with GST-XIAP, as indicated by 
the recovery of a protein of this size using 
glutathione -Sepharose (Example VI; Figure 3A) . Caspase-9 
is known to have a molecular mass of about 50 kDa. As 

15 disclosed in Example VI, GST-XIAP, GST-c-IAP-1 and 

GST-c-IAP-2, but not GST control proteins, associated 
with in vitro translated pro-caspase- 9 (Figure 3B) ; these 
IAP family proteins also bind to pro- caspase-9 in vivo 
(Example X; Figure 8D) . Furthermore, c-IAP-1 and c-IAP-2 

20 inhibit proteolytic processing of pro-caspase- 9 induced 
by cytochrome c in cytosolic extracts and in an in vitro 
reconstituted system containing cytochrome c and dATP, 
Apaf-1 and pro-caspase-9 (Examples VII and VIII; Figures 
4 and 5) . In cytosolic extracts, XIAP was a more potent 

25 inhibitor of cytochrome c -mediated processing of 

pro-caspase-9 than either Ac-DEVD-Fmk or zVAD-fmk, two 
well -characterized caspase inhibitors (Example IX; 
Figure 6) . These results indicate that XIAP, c-IAP-1 and 
c-IAP-2 can associate with the zymogen of caspase-9 and 

30 block its processing. Coupled with data described 

hereinabove, these results indicate that IAP-mediated 
inhibition of cytochrome c induced activation occurs 
upstream of caspase-3, at least in part through direct 
inhibition of pro-caspase-9 processing. 
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As further disclosed herein, XIAP, cIAP-1, and 
cIAP-2 directly inhibit active caspase-9. In one assay, 

recombinant pro-caspase-3 was used to monitor activity of 
caspase-9. Whereas incubation of recombinant active 
5 caspase-9 with purified recombinant pro-caspase-3 

resulted in proteolytic processing of pro-caspase-3 as 
determined by immunoblot analysis, addition of an 
equimolar concentration of XIAP relative to caspase-9 
strongly inhibited cleavage of pro-caspase-3 (Example IX; 

10 Figure 7A) . These results were corroborated by measuring 
caspase-9 activity through release of AFC fluorophore 
from the DEVD-AFC substrate : the results demonstrate that 
XIAP, c-IAP-1 and cIAP-2 each efficiently inhibit 
pro-caspase-3 activation and cleavage of the tetrapeptide 

15 substrate whereas various GST control proteins had no 
significant effect (see Figure 7B) . 

Given the inhibitory effect of XIAP, c-IAP-1 
and c-IAP-2 on pro -caspase-9 activation in vitro, these 

IAP family proteins were assayed for the ability to 
20 protect against caspase-9 -induced apoptosis in intact 
cells and to inhibit downstream events, such as 
processing of pro-caspase-3. 293T cells were transfected 
with epitope -tagged FLAG- caspase-9 alone or in 
combination with myc-tagged IAP family proteins. 
25 Caspase-9 -induced proteolytic cleavage of pro-caspase-3 

and Ac -DEVD-AFC cleavage activity was markedly reduced in 
293T cells co-transf ected with FLAG-caspase-9 and XIAP, 
c-IAP-1 or c-IAP-2, as compared to 293T cells transfected 
with FLAG-caspase-9 alone (Example X; Figure 8B) . The 
3 0 observed inhibition of pro-caspase-3 processing by XIAP, 
c-IAP-1 or c-IAP-2 was accompanied by a reduction in the 
number of apoptotic 293T cells (Example X; Figure 8C) . 
Thus, IAP family proteins inhibit active caspase-9 in 

vitro and in vivo, and inhibition of active caspase-9 can 
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be a mechanism through which the IAP family proteins 
inhibit cytochrome c- induced apoptosis . 

As described above, XIAP, c-IAP-1 and c-IAP-2 
arrest proteolytic processing of the pro-caspase-3 
precursor polypeptide to active caspase-3 and result in 
accumulation of the 22-24 kDa intermediate proteolytic 
product of caspase-3 comprising the large subunit and 
pro-domain. These IAP proteins also bind to caspase-3 
and caspase-7, as well as to the 22-24 kDa caspase-3 
large subunit and pro-domain, but do not bind to the 
unprocessed pro-caspase-3 or pro-caspase-7 precursor 
polypeptides (Example II) . These IAP proteins prevent 
the completion of caspase-3 processing by binding to the 
partially processed protease and preventing the 
autocatalytic removal of the pro-domain by caspase-3. In 
addition, XIAP prevents apoptotic-like destruction of 
nuclei in a cell-free apoptotic system (Example I.B.I) 
and prevents Bax- induced apoptosis of transfected 
mammalian cells, both in association with inhibition of 
caspase-3 and caspase-3 -related proteases (Example III) . 
Accordingly, the present invention is based on the 
discovery that IAP proteins can modulate apoptosis by 
directly binding to caspases and inhibiting their 
activity, and, as described above, that IAP proteins also 
can modulate apoptosis by binding to and inhibiting a 
pro-caspase such as pro-caspase-9 . 

IAP proteins initially were identified in 
baculovirus cells as proteins that inhibited apoptosis of 
30 insect cells infected with the virus (Crook et al. # 

.t vir-ol. 67:2168-2174 (1993); Birnbaum et al . , J . Virol . 
68:2521-2528 (1994), each of which is incorporated herein 
by reference) . Examination of the viral IAP polypeptides 
revealed a conserved sequence comprising two repeated 
35 cysteine- hist idine containing regions, designated the 
baculovirus IAP repeat ("BIR"), at the N-terminal and 
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central portion of the polypeptide and a RING finger 
domain in the C-terminal portion (Birnbaum et al . , supra., 

1993) . Expression of the baculovirus IAP protein in 
mammalian cells also prevents apoptosis of the cells due 
5 to gene transfer-mediated overexpression of an exogenous 
Ice protease (caspase-1) , indicating that IAP's are 
evolutionarily conserved (Duckett et al . , EMBO J. 
15:2685-2694 (1996), which is incorporated herein by 
reference) . Homologs of the baculovirus IAP proteins 
10 subsequently were identified in humans and in Drosophila 

(Hay et al . , £ell 83:1253-1262 (1995), which is 
incorporated herein by reference; see, also, Rothe et 
al . , supra, 1995; Duckett et al . , supra, 1996; Roy et 

al . , supra, 1995; Liston et al . , supra, 1996; Uren et 

15 al., Proc. Natl. Acad. Sci . . USA 93:4974-4978 (1996); 

Ambrosini et al . , supra, 1997). However, prior to the 

present disclosure, the means by which an IAP protein 
modulates apoptosis was not known. 



As disclosed herein, IAP proteins have a 

20 caspase inhibitory activity. Specifically, elAP proteins 
such as XI AP, c-IAP-1 and c-IAP-2 reduce or prevent 
apoptosis by inhibiting activation of pro-caspases and by 
inhibiting caspase activity. As used herein, reference 
to an IAP protein as an "inhibitor of caspase activation" 

25 or "inhibitor of caspase activity" or as having "caspase 
inhibitory activity" means that the proteolytic activity 
of a caspase in the presence of the IAP or when bound to 
the IAP is less than it would be in the absence of the 
IAP or in the absence of IAP binding. This caspase 

30 inhibitory activity of an IAP can be due to a) inhibition 
of an upstream caspase required for proteolytic 
activation of a downstream caspase; b) inhibition of the 
completion of caspase processing by the IAP; or c) a 
direct inhibitory effect of the IAP on caspase 

3 5 proteolytic activity. 
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In all three cases above, the caspase 
inhibitory activity of an IAP is identifiable, for 
example, by a lower level of hydrolysis of a specific 
substrate by the caspase in the presence of the IAP as 
5 compared to the activity in the absence of the IAP. For 
example, addition of XIAP, c-IAP-1 or c-IAP-2 to a 
cell-free extract, which otherwise would exhibit 
caspase-3 mediated proteolysis of a peptide substrate, 
substantially reduced the amount of proteolysis of the 

10 peptide (see Examples I.B.3 and IV). In addition, 

expression of a recombinant XIAP in a cell prevented 
apoptosis of the cells that otherwise would undergo 
apoptosis due to caspase activation (see Examples III 
and V) . In view of the specificity of binding of an IAP 

15 to a caspase, such as the binding of XIAP, c-IAP-1 or 

c-IAP-2 to caspase-3 or caspase- 7, or the binding of an 
IAP to a pro- caspase such as the binding of XIAP, c-IAP-1 
and c-IAP-2 to pro -caspase- 9 , and the role of caspase 
activation in apoptosis, it should be recognized that 

20 caspase activity can be identified directly, for example, 
by examining proteolysis (hydrolysis) of a specific 
substrate, or indirectly, for example, by identifying 
morphological changes in a cell or a cell nucleus 
characteristic of apoptosis, which is dependent on those 

25 caspases that the IAP inhibits, or using an antibody that 
binds to the active caspase, but not to the inactive 
caspase, or that binds to a proteolytic product of the 
substrate . 

At least ten caspases have been identified in 
3 0 mammalian cells, and homologs of these caspases are 

expressed in other eukaryotic organisms. In addition, 
numerous IAP proteins are known, including viral and 
eukaryotic IAP's. However, while apoptosis appears to 
uniformly require the participation of caspases (Weil et 
35 al., »T. Cell Biol. 133:1053-1059 (1996)), the particular 
caspases required vary depending on the cell -type and the 
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stimulus used to trigger cell death (Kuida et al . , supra, 

1995, 1996) . Thus, the ability of each IAP family member 
to inhibit apoptosis can vary depending on the cell and 
the stimulus involved and, therefore, the particular 
5 caspases activated. 

As disclosed herein, for example, the caspase 
inhibitory activity of XIAP, c-IAP-1 and c-IAP-2 was 
specific for caspase -3 and caspase- 7, whereas XIAP had 
little or no direct inhibitory effect on caspase-1, 

10 caspase- 6 or caspase- 8 activation. Furthermore, the 

inhibitory effect due to the IAP proteins localizes with 
the three BIR domains present within amino acid positions 
1 to 33 6 of XIAP, positions 1 to 350 of c-IAP-1, and 
positions 1 to 335 of c-IAP-2. Thus, for example, 

15 addition of a glutathione S-transf erase-BIR (GST-BIR) 

fusion protein to an in vitro assay inhibited caspase -3 

and caspase-7 hydrolysis of a peptide in vitro 

(Examples II and IV) , and expression of a BIR construct 
in a cell prevented Bax- induced cell death (Example III) . 

20 The results disclosed herein indicate that the 

ability of an IAP protein to bind to a caspase correlates 
with the ability of the IAP to inhibit the proteolytic 
activity of that caspase and, therefore, to inhibit 
apoptosis. In view of the present disclosure, it will be 

25 recognized that the regulation of caspase activation by 
IAP proteins likely is a general phenomenon. 
Accordingly, the present invention provides the broader 
disclosure that IAP proteins regulate caspase activation 
in a cell and, therefore, are involved in regulating 

30 apoptosis, and further provides methods for identifying 
which IAP proteins regulate which caspases. For example, 
as disclosed herein, the human XIAP protein and the IAP 
family proteins, c-IAP-1 and c-IAP-2, inhibit caspase -3 
and caspase-7 activity (Example IV) . Furthermore, the 
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human XIAP, c-IAP-1 and c-IAP-2 proteins also inhibit 
caspase-9 activity (Examples IX and X) . 

Using the disclosed methods for determining 
that XIAP regulates caspase-3, -6 and -7 activation by 
5 inhibiting the upstream protease caspase-9 in, and that 
XIAP directly binds to and inhibits the activity of 
caspase-3 and caspase-7 as well as caspase-9, the 
particular IAP proteins that regulate the activation of 
other caspases can be identified. Example VI discloses 

10 the identification of caspase-9 as the upstream protease 
inhibited by XIAP in the cytochrome c pathway using 
GST-XIAP and metabolically labeled extracts. Cell-free 
assays can be particularly useful for examining the 
ability of the various known IAP proteins to regulate the 

15 activity of various known caspases by identifying changes 
in the hydrolysis of a specific substrate (Example I.B.3 
and Example V) . The cell-free system utilizes a 
cytosolic extract obtained from a cell, particularly a 
mammalian cell or other eukaryotic cell. Upon the 

20 addition of cytochrome c and dATP to the cytosolic 
extract, an apoptotic program, including proteolytic 
processing and activation of certain caspases and 
apoptotic-like destruction of exogenously added nuclei is 
initiated (Liu et al . , supra, 1996). This cell-free 

25 system mimics a commonly observed feature of apoptosis in 
vivo, where release of cytochrome c from mitochondria 
into the cytosol is associated with the initiation of 
apoptosis (Kluck et al . , supra, 1997; Liu et al . , supra t 
1996) . In addition, an "upstream" caspase such as 

30 caspase -8 can be produced recombinant ly in an active form 
and added to cytosolic extracts to initiate the apoptotic 
program (see Example I.B.3 and Example V). 

The cell -free apoptotic system was used to 
examine the effect of XIAP on the apoptotic process. 
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Purified nuclei remained mostly intact when incubated in 
control cytosols, whereas addition of cytochrome c and 
dATP to the cytosols caused apoptotic -like destruction of 
nearly all nuclei (Example I.B.2) . Addition of XIAP 
5 simultaneously with cytochrome c and dATP substantially 
inhibited nuclear destruction, whereas an equivalent 
amount of added Bcl-2 protein had no protective effect. 

In addition to inhibiting apoptosis of nuclei, 
XIAP, as well as c-IAP-1 and c-IAP-2, also inhibited 

10 caspase activation in the cell -free apoptosis system, 
whereas numerous control proteins had little or no 
effect . Similar results were obtained using cytosols 
prepared from 2 93 kidney cells or from Jurkat T cells, 
indicating that the results are representative of a 

15 general effect. Furthermore, in cytosolic extracts 

prepared from 293T cells two days after transfection with 
either pcDNA3-XIAP, which expresses XIAP, or the pcDNA3 
control plasmid, caspase- specif ic substrate hydrolysis 
was reduced by greater than 50% in extracts prepared from 

2 0 the XIAP expressing cells as compared to control 

extracts. Thus, exogenously added XIAP, c-IAP-1 and 

c-IAP-2, and endogenously produced XIAP each inhibit 
cytochrome c- induced caspase activation in the cell -free 
apoptotic system. Addition of XIAP to the cell-free 
25 apoptotic extracts prior to cytochrome c also prevented 
proteolytic processing of the pro- caspase -3 precursor 
polypeptide from its 32 kDa form into the active 
17-20 kDa form (Example I.B.3). The prevention of 
caspase -3 processing in such cytochrome c treated 

3 0 extracts can be due to the inhibition by the IAP of an 

unidentified upstream caspase, which processes 
pro -caspase- 3 , or can reflect inhibition of an 
auto- amplification process, whereby activation of a small 
amount of caspase- 3 leads to proteolytic processing of 
35 more pro-caspase-3 by active caspase-3, and whereby the 
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IAP binding to and inhibition of the active caspase-3 
prevents additional processing of pro-caspase-3 . 



As an alternative to using cytochrome c and 
dATP to induce the apoptotic program in the cell -free 
5 system, recombinant active caspase-8, which associates 
with Fas and TNF-R1 receptor complexes and functions as 
an upstream initiator of proteolytic cascades leading to 
caspase-3 activation and apoptosis, was added to the 
extracts. Caspase-8 stimulated cleavage of 

10 pro-caspase-3, yielding the 17-20 kDa large subunit 

(active caspase-3) characteristic of protease activation, 
whereas, in the presence of XIAP, caspase-8 induced the 
production of a partially processed 22-24 kDa form of 
caspase-3 (Example I.B.3). Thus, XIAP did not prevent 

15 the initial cleavage of caspase-3 that was induced by 
caspase-8, but inhibited subsequent processing events 
that produce the mature large subunit. Previous studies 
have shown that the completion of caspase-3 processing, 
including removal of the pro- domain, is an autocatalytic 

20 event, wherein the partially processed caspase-3 

completes its own processing, removing its own pro-domain 
(Martin et al . , KMBO J. 14:5191-5200 (1995), which is 
incorporated herein by reference) . 

The specificity of caspase inhibitory activity 
25 of XIAP, c-IAP-1 and c-IAP-2 also was examined. Purified 
XIAP, for example, as a GST fusion protein, inhibited 
greater than 95% of the substrate proteolysis by 
caspase-3 and by caspase-7, but did not interfere with 
substrate cleavage by caspase- 1, caspase -6 or caspase-8, 
30 even when added at a 50 -fold molar excess (Example li) . 
Furthermore, a GST fusion protein containing only the 
three BIR domains of XIAP (residues 1-337) also potently 
inhibited caspase-3 and caspase-7, whereas a GST-fusion 
containing the RING domain (338-497) , as well as several 
35 control GST-fusion protein, had no significant effect. 
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Similar results were obtained using c-IAP-1 or c-IAP-2 f 
as well as BIR constructs of these IAP proteins. Thus, 
XIAP, c-IAP-1 and c-IAP-2 specifically inhibit caspase-3 
and caspase-7 activity, but have little or no inhibitory 
5 effect on caspase-1, caspase-6 or caspase-8. 



In addition to inhibiting their proteolytic 
activity, XIAP, c-IAP-1 and c-IAP-2 specifically 
associate with purified active caspase-3 and caspase-7 in 

vitro, as well as to the partially processed 22-24 kDa 

10 large subunit and pro -domain, but not to the unprocessed 
precursor polypeptides of caspase-3 and caspase-7 
(Examples I.B.3 and IV). Furthermore, XIAP, c-IAP-1 and 
c-IAP-2 specifically associate with pro-caspase-9 in 

vitro (Example VI) . Thus, in contrast to the zymogens of 

15 caspase-3 and caspase-7, pro-caspase-9 associates 

specifically with IAP family proteins. These results 
demonstrate that an in vitro binding assay provides an 

additional method for identifying the IAP proteins that 
specifically associate with particular caspases and, 
20 therefore, are likely candidates for regulation of the 
activities of these caspases. 

As used herein, the term "specifically 
associate" or "specifically bind, " when used in reference 
to an IAP protein and a caspase or pro-caspase, means 

25 that the IAP and the caspase or pro-caspase have a 

binding affinity for each other such that they form a 
bound complex. For example, as disclosed herein, XIAP 
exhibited tight, reversible binding to caspase-3 (Ki ~ 0.7 
nM) and to caspase-7 (Ki « 0.2 nM; see Example II), values 

30 that compare favorably with viral inhibitors of caspases, 
cowpox CrmA (Ki = 0.01-0.95 nM) and baculovirus p35 (Ki ■* 
1.0 nM) , for their target caspases (Zhou et al . , J. Biol. 
Chem. 272:7797-7800 (1997), which is incorporated herein 
by reference; see, also, Bert in et al . , J. Virol. 
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70:6251-6259 (1996)) . In view of the specificity of 
binding of IAP proteins and caspases or pro-caspases, an 
in vitro binding assay provides the basis of a screening 
assay for identifying agents that can alter the specific 
5 association of an IAP and a caspase or pro-caspase and, 
therefore, can be useful to modulate the level of 
apoptosis xn a cell. 

Based on transient transfection assays, it is 
further disclosed that XIAP inhibits processing and 

10 activation of caspases in intact cells. Human 293T cells 
were transfected with a human Bax expression vector. Bax 
induces mitochondrial permeability transition, which is 
predicted to cause release of cytochrome c and processing 
of caspase-3, caspase-6 and caspase-7 (Xiang et al . , 

15 Pro. watl. frcad -ad^ USA 93:14559-14563 (1996)). 

Bax expression in the transfected cells 
resulted in a 7- to 10 -fold increase in cell death as 
detected by vital staining and an 8- to 10 -fold increase 
in apoptosis as measured by DNA fragmentation, whereas 

20 cotransfection of a plasmid expressing XIAP significantly 
inhibited Bax- induced apoptosis (Example III) . A 
myc-tagged version of XIAP containing only the BIR 
domains was as effective as the full length XIAP protein 
at suppressing Bax- induced cell death and apoptosis, 

25 whereas the RING domain of XIAP was inactive. The 
caspase inhibiting peptide, zVAD-fmk, also inhibited 
apoptosis in the Bax transfected cells, consistent with a 
role for caspases in Bax- induced cell death in these 
cells. Thus, XIAP, particularly a fragment of XIAP 

30 comprising the BIR domains, which can bind to active 
caspase-3 and caspase-7 and inhibit their protease 
activity, also can suppress Bax- induced apoptosis in 
intact cells. In addition, these results demonstrate 
that transfection assays in intact cells can be used to 

35 confirm that a particular IAP protein regulates 
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activation of a selected caspase, as initially determined 

using in vitro assays, and can be useful in screening 

assays to identify agents that modulate the caspase 
inhibitory activity of an IAP, particularly when used in 
5 combination with a substrate hydrolysis assay or an 
immunoblot analysis (see Examples I.B.3 and III). 



The invention therefore provides screening 
assays for identifying an agent that modulates the 

10 caspase inhibitory activity of an IAP by altering the 
specific association of a caspase and an inhibitor IAP 
protein. The method comprises contacting the caspase and 
the IAP, under conditions that allow the caspase and the 
IAP to specifically associate, with an agent suspected of 

15 being able to alter the association of the caspase and 
the IAP; and detecting an altered association of the 
caspase and the IAP, thereby identifying an agent that 
alters the association of the caspase and the IAP. For 
example, the invention provides in vitro screening assays 

20 for identifying agents that alter the specific binding of 
an elAP such as XIAP, c-IAP-1 or c-IAP-2 and a caspase 
such as caspase-3, caspase-7 or caspase- 9. In addition, 
the invention provides cell based screening assays for 
identifying agents that alter the caspase inhibitory 

25 activity of an IAP by expressing a recombinant IAP 
protein in the cell and determining the effect of an 
agent on the level of caspase activity or caspase 
activation in the cell lysate . A cell based assay can be 
particularly useful, for example, to confirm that an 

3 0 agent identified using a cell -free system or an in vitro 

assay also is effective in a cell for altering the 
association of an IAP and a caspase or for modulating the 
regulation of activation of a caspase by an IAP and, 
therefore, for modulating apoptosis. 



35 Screening assays also can be used to identify 

an agent that alters the specific association of a 
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pro-caspase and an IAP protein. The steps of the method 
include contacting the pro-caspase and the IAP, under 
conditions that allow the pro-caspase and the IAP to 
specifically associate, with an agent suspected of being 
5 able to alter the association of the pro-caspase and the 
IAP; and detecting an altered association of the 
pro-caspase and the IAP , thereby identifying an agent 
that alters the association of the pro-caspase and the 
IAP. Such an assay for identifying an agent that alters 

10 the specific association of an IAP and a pro-caspase can 
be, for example, an in vitro, or cell based assay. In 
such a method, a particularly useful IAP can be an elAP, 
including an X chromosome linked IAP such as XIAP, or an 
elAP such as cIAP-1 or c-IAP-2. Based on the results 

15 disclosed herein, a particularly useful pro-caspase can 
be, for example, pro-caspase- 9 . 

As used herein, the term "pro-caspase" refers 
to the zymogen or inactive precursor form of a caspase. 
A pro-caspase generally is converted to an active caspase 
20 form by limited proteolysis. 

As used herein, the term "agent" means a 
chemical or biological molecule such as a simple or 
complex organic molecule, a peptide, a peptidomimetic, a 
protein or an oligonucleotide. Synthetic peptides are 

25 agents particularly useful in the methods of the 

invention. A synthetic peptide can contain, for example, 
amino acids, amino acid equivalents or other non-amino 
groups, related organic acids such as p-aminobenzoic acid 
(PABA) and can include amino acid analogs having 

30 substituted or modified side chains or functional groups. 
The cell-free apoptotic system and in vitro assays 
disclosed herein (Examples I and II) are particularly 
useful as drug screening assays in that they can be 
automated, which allows for high through-put screening of 

35 randomly designed agents in order to identify those 
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agents that effectively alter the caspase inhibitory 
activity of an IAP or alter the specific association of 
an IAP protein and a caspase or pro-caspase. 



5 As used herein, the term "alter" means that the 

agent can increase or decrease the relative affinity of a 
caspase, or pro-caspase, and an IAP protein or can alter 
the caspase inhibitory activity of an IAP. The ability 
of an agent to alter the association of an IAP protein 
10 and a caspase or pro-caspase, for example, can be 

identified using in vitro binding assays (see Examples I 

and II) . In particular, the ability of an agent to alter 
the affinity of binding of an IAP and a caspase or 
pro-caspase can be identified by determining the 
15 dissociation constant of the complex, thus providing a 
means to select agents that increase or decrease the 
specific association of an IAP and a caspase or 
pro-caspase to various extents (Example II) . The ability 
to select agents that variously alter the specific 

2 0 association of a caspase, or pro-caspase, and an IAP 

provides a means to closely regulate that level of 
apoptosis of a population of cells, particularly a 
population of cells involved in a pathologic condition. 

An agent that alters the association of an IAP 
25 and a caspase or alters the caspase inhibitory activity 
of an IAP can be useful for altering the level of 
apoptosis of a population of cells ex vivo, including 

cells in culture or, in an individual. For example, an 
agent that alters the caspase inhibitory activity of an 
30 IAP can be incubated with cells ex vivo in order to 

decrease the level of apoptosis in the cells . Such a 
method can be useful, for example, for culturing cells 
that otherwise undergo apoptosis when placed in culture 
or for treating an individual's cells ex vivo, either to 

3 5 examine the effect of such a treatment on the cells as a 
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prelude to treating the individual or where the cells are 
to be readministered to the individual. Similarly, an 
agent can be used to treat a mixed population of cells in 
culture in order to selectively induce apoptosis in one 
5 of the populations of cells, thereby allowing selection 
of the remaining population. Such a method requires that 
agents that are identified as having the ability to 
decrease the caspase inhibitory activity of an IAP, be 
screened further to identify those taken up more 

10 selectively by one cell population as compared to the 

other cell population. Such methods are well within the 
level of skill in the art. Thus, the invention provides 
methods of modulating the level of apoptosis of a 
population of cells in culture by contacting the cells 

15 with an agent that alters the caspase inhibitory activity 
of an IAP in the cells. 

The invention further provides a method of 
reducing the severity of a pathologic condition in an 
individual by administering to the individual an agent 

20 that alters the caspase inhibitory activity of an IAP, 
thereby altering the level of apoptosis of a cell 
population. An agent useful for treating a pathologic 
condition that is characterized, at least in part, by an 
undesirably high level of expansion of a cell population 

25 can reduce or inhibit the ability of IAP to inhibit 
caspase activation, such that the active caspase can 
effect its action in a cell death pathway and apoptosis 
of the cells can occur. For example, a tumor in a cancer 
patient forms due to expansion of the cancer cell 

3 0 population due either to increased division of the cancer 
cells or a decreased level of apoptosis, depending on the 
particular cancer. By inhibiting the ability of an IAP 
to inhibit caspase activity, the cell death pathway can 
result in apoptosis of the cancer cells. Similarly, such 

35 an agent can be useful for treating an autoimmune 

disease, where it is desirable to induce apoptosis in the 
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immunoef f ector cells that mediate the disease . In 
addition, undesirable expansion of cell populations occur 
in conditions such as psoriasis and in restenosis. Thus, 
the present invention provides methods for treating a 
5 disease characterized by a pathologically high level of 
expansion of a cell population by administering to an 
individual having the disease an agent that reduces or 
inhibits the specific association of a caspase and an IAP 
such that the caspase inhibitory activity of the IAP is 
10 reduced or inhibited. 

An agent that increases the specific 
association of a caspase and an IAP or that increases the 
caspase inhibitory activity of an IAP also can reduce or 
inhibit the level of apoptosis of a population of cells 

15 in an individual. Such an agent is useful, for example, 
to prevent apoptosis of neuronal cells as occurs in 
neurodegenerative diseases, including Parkinson's 
disease, Huntington's disease, Alzheimer's disease and 
the encephalopathy that occurs in AIDS patients. Thus, 

20 the invention provides methods of treating an individual 
having a disease characterized by a pathologically 
elevated level of apoptosis of a cell population by 
administering an agent that increases the specific 
association of an IAP and a caspase, thereby increasing 

25 the caspase inhibitory activity of the IAP and reducing 
or inhibiting apoptosis of the cell population. 
Accordingly, an agent that is identified using a method 
of the invention as having the ability to alter the 
association of an IAP and a caspase or that can alter the 

30 caspase inhibitory activity of an IAP can be useful as a 
medicament for treating a disease such as cancer or a 
neurodegenerative disease or other disease characterized, 
at least in part, by an altered level of apoptosis. 

An agent that modulates the regulation of 
35 caspase activation by an IAP protein also can be 
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identified, for example, in an in vitro assay by 
contacting the caspase with an IAP that is known to 
inhibit the activity of the particular caspase, with an 
agent suspected of being able to modulate the activity of 
5 the caspase and measuring the proteolytic activity of the 
caspase. For example, an IAP such as XIAP, or fragment 
of an IAP comprising the BIR domains, can be incubated 
in vitro with a caspase such as caspase-3, which can be 
active caspase-3, including either the fully or partially 
10 processed caspase-3, and the agent. In addition, since 
recombinant XIAP can block the activation and processing 
of certain pro-caspases in cytosolic extracts, XIAP can 
be incubated with or without an agent in a cytosolic 
extract containing cytochrome c and dATP. In the absence 
15 of an agent that modulates regulation, for example, of 
caspase-3 activation by XIAP, a baseline level of 
caspase-3 activity would be detectable. However, if the 
agent can modulate the regulation of caspase-3 activation 
by the XIAP, for example, by preventing the inhibitory 
20 action of XIAP, an increase from the baseline level of 
caspase-3 activity will be detectable. Activation, or 
inhibition of activation, of the caspase can be detected 
using any of the methods disclosed herein, including, for 
example, by detecting hydrolysis of a substrate that is 
25 specifically hydrolyzed by the caspase or by detecting 
formation of the active caspase by immunoblot analysis. 
The processed caspase also can be detected by ELISA or 
RIA using antibodies that react with epitopes present in 
the processed and active caspase, but not in the 
3 0 pro - caspase . 

The methods of the invention are exemplified by 
the modulation of caspase-3, caspase-7 and caspase-9 
activity by XIAP. However, any IAP, including any elAP, 
can be used in an assay in combination with the 
35 appropriate caspase. For example, c-IAP-1 and c-IAP-2 

also inhibit caspase-3, caspase-7, and caspase-9 in vitro 
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(see Examples IV and IX) and, therefore, also are useful 
in a method of the invention. Other IAP proteins that 
are involved in regulating particular caspases can be 
identified using the methods disclosed herein, then the 
5 particular combination of caspase and IAP can be used in 
a screening assay to identify an agent that modulates the 
regulation of caspase activation by the IAP or that 
alters the specific association of the IAP and caspase. 
Thus, the following examples are intended to illustrate 
10 but not limit the present invention. 

EXAMPLE I 

XIAP INHIBITS CASPASE ACTIVITY AND 
NUCLEAR DEGRADATION IN A CELXj-FREE SYSTEM 

This example demonstrates that XIAP inhibits 
15 apoptotic-like destruction of isolated nuclei in 
cytosolic extracts and binds to and inhibits the 
activation of caspase -3 and caspase-7. 

A. Plasmid Constructs! 

A cDNA molecule encoding XIAP was obtained by 
2 0 RT-PCR using a first strand cDNA derived from Jurkat 

T cells as the template and specific primers based upon 
Genbank accession number U32974 (forward primer, 
5 ' -GGGAATTCATGACTTTTAACAGTTTTGAAGGAT-3 ' (SEQ ID NO: 4); 
reverse primer, 5 1 - CTCTCGAGCATGCCTACTATAGAGTTAGA- 3 1 (SEQ 
25 ID NO: 5) ) . The PCR product was digested with Eco RI and 
Xho I, then ligated into pcDNA3 (Invitrogen, Inc.; La 
Jolla CA) , which contains an N- terminal Myc tag, or into 
pGEX4T-l (Pharmacia; Piscataway NJ) , to produce 
pGEX4T-l-XIAP. 

30 Plasmid pGEX4T-l-XIAP was introduced into 

B. coll strain BL21(DE3) containing the plasmid, pT-Trx 

(Yamakawa et al . , J. Biol , Chem. 270:25328-25331 (1995), 
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which is incorporated herein by reference) . Expression 
of the GST-XIAP fusion protein was induced with 0.2 mM 
IPTG at 3 0°C for 3 hr. The GST-XIAP fusion protein was 
obtained from the soluble fraction, affinity purified 
5 using glutathione -Sepharose and dialyzed against 
phosphate buffered saline (PBS) . 

cDNA molecules encoding full length caspase-3, 
caspase-6 and caspase-7 and a cDNA encoding the catalytic 
subunit of caspase-8 (Ser 217 to the C-terminus) were 
10 subcloned into pET vectors (Novagen, Inc.; Madison WI) , 

expressed in F. coll strain BL21 (DE3 ) pLysS as His6-tagged 

proteins, and purified as described (Muzio et al . , 

,t Rinl , Chem. 272:2952-2956 (1997); Orth et al . , 

,t , p-iol . Chem. 271:20977-20980 (1996), each of which is 

15 incorporated herein by reference; Zhou et al . , supra, 

1997) . Recombinant control proteins, GST-Bcl-2, GST-Bax, 
GST-CD40 cytosolic domain, and His6-S5a proteasome 
subunit, were prepared as previously described (Hanada et 
al., .T. Biol. Chem. 270:11962-1196 (1995); Sato et al . , 

20 FF.tt.g T.fitt. 358:113-118 (1995); Deveraux et al . , J, Biol . 
Chem. 270:29660-29663 (1995), each of which is 
incorporated herein by reference) . 

B, c^H-Free Assays: 

i . Preparation of cvtosc-lic e xtracts 

25 The cytosol fraction of cell extracts was 

prepared from 293 embryonic kidney cells or Jurkat 
T cells, essentially as described (Liu et al . , supra, 
1996) , but with modifications as indicated below. Cells 
were washed with ice cold buffer A (20 mM Hepes (pH 7.5) , 

30 10 mM KCl, 1 . 5 mM MgCl 2 , 1 mM EDTA, 1 mM DTT and 0 . 1 mM 
PMSF) and suspended in 1 vol buffer A, then incubated on 
ice for 20 min. 293 cells were disrupted by passage 15x 
through a 26 gauge needle and Jurkat T cells were 
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disrupted by dounce homogenization in 2 ml using 
15 strokes with a pestle B. Cell extracts (10-15 mg 
total protein/ml) were clarified by centrifugation at 
16,000 xg for 30 min, then the NaCl concentration was 
5 increased by 50 mM. Cytosolic fractions were used 
immediately or stored frozen at -80°C. 

2. Apoptogis o f nuclei in cell-free system 



Isolated nuclei were prepared from HeLa cells 
(Martin et al . , supra, 1995). Approximately 5 x 10* to 

10 1 x 10 5 nuclei were added to 20 fil cytosolic extract and 
apoptosis was initiated by adding 10 jiM horse heart 
cytochrome c (Sigma, Inc.; St. Louis MO) and 1 mM dATP, 
alone (positive control) or with cytochrome c, dATP and 
either 0.4 /zM GST-XIAP or 0.4 /xM GST-Bcl-2. Following 

15 incubation at 37°C for 60 min., nuclei were stained with 
1 tig/vnl of acridine orange and ethidium bromide and the 
percentage nuclei with apoptotic features, including 
extremely condensed chromatin and the genesis of 
fragmentation of nuclei, was determined. 

20 Nuclei incubated in cytosolic extract, alone, 

showed a baseline level of about 15% apoptotic nucleic 
(average of two experiments) . Addition to the cytosolic 
extract of cytochrome c and dATP, which activate caspases 
(see below; see, also, Liu et al . , supra, 1996), 

25 increased the level of apoptotic nuclei to greater than 
95%, whereas addition of cytochrome c and dATP to the 
nuclei, alone (no cytosolic extract), had no effect. 
Addition of GST-Bcl-2 simultaneously with cytochrome c 
and dATP had no effect as compared to the level of 

3 0 apoptosis observed when cytochrome c and dATP, alone, 
were added to the extract (greater than 95% apoptotic 
nuclei) . In contrast, addition of GST-XIAP with 
cytochrome c and dATP to the cytosolic extract resulted 
in only the baseline level of apoptotic nuclei 
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(approximately 15%) observed in extracts to which 
cytochrome c and dATP had not been added. These results 
indicate that nuclei can be induced to undergo changes 
characteristic of apoptosis in the cell -free system and 
5 that XIAP prevents apoptosis of the nuclei in this 
system . 

ActivaHnn o f nasnases in cell -free system 

Caspase activity was assayed by release of 
either 7-amino-4-trif luoromethyl-coumarin (AFC) or 

10 p-nitroanilide (pNA) from benzylyoxycarbonyl-DEVD (SEQ ID 
NO: 2) or benzylyoxycarbonyl-YVAD (SEQ ID NO: 3) 
synthetic peptides using a Molecular Devices Spectromax 
34 0 for AFC labeled peptides or Perkin/Elmer LS50B for 
pNA labeled peptides (see Example II; see, also, Zhou et 

15 al., supra, 1997). Cytosolic extracts from 293 cells or 
Jurkat T cells were used directly (negative control) or 
were treated with 1 fxM cytochrome c and 1 mM dATP or with 
cytochrome c, dATP and 0 . 2 /xM GST-XIAP. Additional 
control reactions were performed by substituting 2 fM 

20 GST-Bcl-2, GST-Bax, GST-NM23 or GST-CD40 cytosolic 

domain, or 5 /zM His 6 -S5a protein for GST-XIAP. DEVD-pNA 
hydrolysis was measured at various times and multiple 
experiments were performed using several different GST- 
XIAP preparations. 

25 In experiments using 293 cell extracts, a low 

level of DEVD-pNA hydrolysis activity was observed in the 
control untreated cytosolic extract; DEVD-pNA hydrolysis 
was barely evident after 5 min and showed an AA405 ^ 0.01 
after 15 min. In extracts treated with cytochrome c and 

30 dATP, either alone or in combination with GST-Bcl-2, 

GST-Bax, GST-NM23, GST-CD40 cytosolic domain, or His 6 -S5a, 
DEVD-pNA hydrolysis was evident within 5 min and 
increased exponentially during the 15 min time period 
examined (AA405 * 0.1 after 15 min) . In contrast, in 293 
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cell extracts treated with cytochrome c, dATP and XIAP, 
DEVD-pNA hydrolysis was approximately the same as 
untreated control extracts, which were not incubated with 
cytochrome c . 

5 Similar results were obtained using cytosolic 

extracts prepared from Jurkat cells, except that the 
level of DEVD-pNA hydrolysis in control untreated 
extracts steadily, but slowly, increased during the 
20 min time period examined (AA405 - 0.02 after 15 min; 
10 AA405 « 0.025 after 20 min). In extracts treated with 
cytochrome c and dATP, either alone or in combination 
with GST-Bcl-2, GST-Bax, GST-NM23, GST-CD40 cytosolic 
domain, or His 6 -S5a, DEVD-pNA hydrolysis again was evident 
within 5 min, increased linearly for about 15 min 
15 (AA405 = 0.09), then began to level off (AA405 * 0.1 
after 20 min) . In comparison, DEVD-pNA hydrolysis in 
extracts treated with cytochrome c, dATP and XIAP 
increased in parallel with, but slightly higher than, 
that of the control extracts (AA405 « 0.025 after 15 min; 
20 AA405 * 0.03 after 20 min) . These results indicate that 
cytochrome c and dATP induce DEVD-pNA hydrolytic activity 
in cytosolic extracts prepared from two different cell 
types and that XIAP inhibits the activation of this 
hydrolytic enzyme. 

In order to determine whether endogenously 
expressed XIAP had the same effect as exogenously added 
XIAP, cytosolic extracts were prepared from 293 cells 
that were transiently transfected with pcDNA3-XIAP, which 
expresses XIAP, or with the control pcDNA3 plasmid. 
Cytochrome c/ dATP -induced activation of DEVD-pNA 
hydrolyzing activity was reduced by greater than 50% in 
extracts prepared from the cells transfected with 
pcDNA-XIAP as compared to the control plasmid. These 
results confirm that XIAP inhibits activation of the 
hydrolytic enzyme and demonstrate that such inhibition 
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occurs whether XIAP is added to the extract or is 
expressed in cells from which the extract is prepared. 

Immunoblot analysis was performed to confirm 
that DEVD-pNA hydrolysis was due to activation of a 
5 caspase. Antiserum specific for XIAP was prepared in 
rabbits using the synthetic peptide, 

NH 2 - CDAVSSDRNFPNSTNLPRNPS - amide (SEQ ID NO: 6), which 
represents amino acid positions 241 to 261 of XIAP 
(Liston et al . , supra, 1996; Duckett et al . , supra, 

10 1996), conjugated to maleimide-activated KLH or OVA 
carrier proteins (Pierce, Inc.; Rockford IL) . 
Ant i- caspase -3 antibody was prepared as described by 
Krajewski et al . [r m a«r Res, 57:1605-1613 (1997), which 
is incorporated herein by reference) . Purified caspases 

15 were prepared from cloned cDNA molecules and purified by 
standard metal chromatography (Zhou et al . , supra, 1997). 

Immunoblot analysis was performed using 
untreated 5 fil cytosolic extracts (10 mg/ml) or extracts 
incubated f or 0 . 5 or 1 hr with cytochrome c and dATP or 

20 with active caspase- 8 (1 fig) , and in the absence or 
presence of 0.2 /xM GST-XIAP (30 jul reaction vol). 
Cytosolic extracts were normalized for protein content, 
then 5 ftl (10 mg/ml) was fractionated in 750 mM 
Tris/12% polyacrylamide/0.1% SDS gels and transferred to 

25 nitrocellulose (Deveraux, supra, 1995); Orth et al., 

supra, 1996) . 

Three major caspase related bands (referred to 
herein as bands 1, 2 or 3) were observed: the highest 
molecular mass band (band 1; 32 kDa) represents 
30 unprocessed pro-caspase-3 ; the intermediate band (band 2; 
22-24 kDa) represents the partially processed 
pro-caspase-3 (large subunit and pro-domain) ; and the 
lowest bands (band 3; 17-20 kDa) represent two versions 
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of the fully processed large subunit, active caspase-3; 
the ant i- caspase-3 antibody does not react with the 
10-11 kDa small subunit of the processed protease. 
Probing of the blot with anti-XIAP antiserum revealed the 
5 presence of XIAP in the appropriate samples. 



Band 1, the unprocessed pro-caspase-3, was 
present in each sample, although to a greater or lesser 
extent depending on the particular treatment, and was the 
only band observed in control cytosolic extracts (no 

10 treatment) . Band 3 (active caspase-3) was the primary 
band observed in extracts treated with cytochrome c and 
dATP or with caspase-8 . However, when XIAP protein was 
added to extracts prior to addition of cytochrome c and 
dATP, most of the caspase-3 represented unprocessed 

15 pro-caspase-3 (band 1) . In contrast, in extracts treated 
with caspase-8 and XIAP, band 2 was the primary band 
observed, with little or no band 3 (active caspase-3) 
present . These results indicate that the DEVD-pNA 
hydro lytic activity correlates with the processing of 

20 pro-caspase-3 to active caspase-3 and that the inhibition 
of DEVD-pNA hydrolytic activity by XIAP correlates with 
the inhibition of processing of pro-caspase-3 to active 
caspase-3. The results also indicate that XIAP inhibits 
the activation of caspase-3 by preventing the completion 

25 of caspase-3 processing, consistent with direct 
inhibition of this caspase, since removal of the 
pro -domain occurs through an autocatalytic mechanism 
(Martin et al., supra, 1995). 

EXAMPLE II 

30 XIAP SELECTIVELY INHIBITS THE ACTIVATION OF CASPASE-3 

AND CASPASE z2 AND BINDS TO THESE CASPASES 

This example demonstrates that XIAP inhibits 
the activation of caspase-3 and caspase- 7, but not of 
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caspases-1, 6 or 8 and that XIAP specifically associates 
with caspase-3 and with caspase-7 in vitro. 

Purified recombinant caspase-1, caspase-3, 
caspase-6, caspase-7 or caspase-8 were incubated with 
5 DEVD-pNA, either alone or with a 10-fold to 50-fold molar 
excess of GST-XIAP (20 /*M) and substrate hydrolysis was 
measured. Purified active caspase concentrations ranged 
from 0.1 nM to 10 nM. XIAP concentration ranged from 
0.1 nM to 500 nM. Assays were performed in caspase 
10 buffer (50 mM Tris, pH 7.4, 100 mM NaCl, 10% sucrose, 
5-10 mM DTT, 1 mM EDTA and 0.1% CHAPS) . 

Purified GST-XIAP inhibited processing of 
DEVD-pNA in vitro by caspase-3 and by caspase-7 by 
greater than 95% when present at a 10-fold molar excess, 

15 but did not interfere with substrate cleavage by 

caspase-1, caspase-6 or caspase-8, even when added at a 
50 -fold molar excess. Furthermore, a GST fusion protein 
containing only the three BIR domains of XIAP (amino 
acids 1-337) potently inhibited caspase-3 and caspase-7 

20 in vitro , whereas a GST fusion protein containing the 
RING domain (amino acids 338-497) had no effect. 
Addition of GST-CD40 had no effect on caspase activity. 
These results indicate that XIAP selectively prevents the 
activation of caspase-3 and caspase-7. 

25 m addition to inhibiting proteolytic activity 

of caspase-3 and caspase-7 in vitro , XIAP also bound 
directly to these caspases in vitro. GST-XIAP (3 fig) or 
GST-CD40 (6 **g) was immobilized on 5 fil glutathione- 
SEPHAROSE beads, then added to 50 fil 293 cell cytosolic 

3 0 extract that either was untreated ("control") or was 
preincubated with 1 fiM cytochrome c and 1 mM dATP for 
60 min at 3 0°C, or was incubated with 0 . 5 fig purified 
caspase-3, caspase-6 or caspase-7 in 100 fil of caspase 
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assay buffer (Martin et al . , supra, 1995) containing 0.1% 

(w/v) bovine serum albumin. Following incubation at 4°C 
for 60 min, the beads were removed by cent r if ugation and 
washed twice with 100 vol 50 mM Tris (pH 7.5) , 150 mM 
5 KC1, 2 mM DTT and 0.025% Triton-XlOO, then subjected to 
SDS-PAGE and immunoblot assay (see Example I.B.3). 

Specific binding of caspase-3 and caspase-7, 
but not caspase- 6, was observed following incubation of 
the extract with the GST-XIAP beads . No caspase binding 

10 was observed with the GST-CD40 beads. In other 
experiments, GST-XIAP did not efficiently bind 
unprocessed pro-caspase-3 or pro-caspase-7 present in 
cytosolic assays, but bound the processed caspase-3 and 
caspase-7 following treatment of the extracts with 

15 cytochrome c and dATP. In addition, the partially 

processed caspase-3 produced by incubation of cytosolic 
extracts with caspase-8 and XIAP (see Example I.B.3) 
efficiently bound GST-XIAP. XIAP also specifically bound 
to His6 -caspase-3 and to His6-caspase-7 immobilized on a 

20 Ni- resin. These results indicate that XIAP directly 

binds active caspase-3 and active caspase-7, as well as 
the partially processed pro-caspase-3 comprising the 
large subunit and pro-domain, but does not bind the 
unprocessed pro-caspases . 

25 Equilibria were determined from progress curves 

when substrate hydrolysis reached a steady- state; slopes 
were calculated by curve fit analysis using the cricket 
graph program. Experiments were performed using purified 
recombinant caspase-3, caspase-6, or caspase-7. DEVD-AFC 

30 hydrolysis was measured using 0.1 nM caspase and a range 
of concentrations (0.2 to 12 fiM) of recombinant XIAP 
(rXIAP) . The inhibition constant (Ki) was calculated 
without any assumption of the inhibitory mechanism and, 
therefore, without adjustment for the 0.1 mM DEVD-AFC 

35 substrate concentration (Zhou et al . , supra, 1997). 
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Average ratio velocities (v^, where "v 4 " indicates 
presence of GST-XIAP and »v 0 " indicates absence of GST- 
XIAP) were determined. 

Average ratio velocities less than 0.2 were 
5 obtained with caspase-3 and caspase-7, indicating that 
XIAP significantly inhibited caspase-3 and caspase-7 
mediated DEVD hydrolysis. In contrast, ratios of about 
1.0 were obtained with caspase-6 and caspase-8, 
indicating no difference in DEVD hydrolysis in the 
10 presence or absence of XIAP. These results indicate that 
XIAP inhibits caspase-3 and caspase-7 activity in vitro, 
but has no effect on the ability of caspase-6 or caspase- 
8 to hydrolyze DEVD- containing peptides. 

Progress curve analysis also was used to 
15 determine the inhibition constants (KJ of XIAP for 
caspase-3 and caspase-7. XIAP exhibited tight, 
reversible binding to caspase-3 (K 4 * 0.7 nM) and to 
caspase-7 (K 4 - 0.2 nM) . These values compare favorably 
with viral inhibitors of caspases, including cowpox CrmA 
20 (K ± * 0.01-0.95 nM) and baculovirus p35 (Ki « 1.0 nM) for 
their target caspases (see Zhou et al . , supra, 1997; 
Bertin et al . , supra, 1996). 

EXAMPLE XXI 
y Tft P eeeVEHXS CASPASE ACTIVA TION TN CELLS 

25 This example demonstrates that XIAP inhibits 

Bax-induced caspase-3 processing and cell death in 293T 
cells, which are 293 cells that contain the SV40 large 
T antigen. 

Subconfluent 293T cells were transfected with 
30 l jig pcDNA3 -human Bax and either 9 M9 pcDNA3 (control 

plasmid) or 9 MS pcDNA3-Myc-XIAP in 6 cm dishes using a 
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calcium phosphate method. N -benzyl oxycarbonyl-Va 1- Ala- 
Asp f luoromet hy Ike tone (zVAD-fmk; 50 /xM) (Bachem 
California; Torrance CA) was added immediately after 
transfection of the Bax plasmid. Transfection efficiency 
5 was uniformly 80-90%, as determined by X-Gal staining 
following cotransf ection with pCMV-pGal. 

Cells were maintained in culture for 24 hr, 
then floating and attached cells were harvested and an 
aliquot was removed and the percent of dead cells was 

10 determined by either trypan blue or propidium iodide (PI) 
dye exclusion assay. A second aliquot was used to assess 
the percentage of apoptotic cells with subdiploid DNA 
content by FACS analysis of PI stained, ethanol fixed 
cells. The remaining cell pellets were lysed in 

15 10 mM HEPES (pH 7.5), 142 mM KCl , 1 mM EGTA, 1 mM DTT, 

0.2% NP-40, 0.1 mM PMSF and used for immunoblot analysis 
or for protease assays. 

PI staining revealed a control level of about 
20 2% apoptotic cells (control plasmid transfected cells) 
and about 5% apoptotic cells in the XIAP expressing 
cells. Expression of Bax in the cells increased the 
level of apoptotic cells to about 25%. In comparison, 
expression of XIAP in combination with Bax significantly 
25 reduced the level of apoptotic cells to less than about 
10% (p<0.01; t-test) . Similarly, expression of a myc 
tagged version of XIAP containing only the BIR domains 
was as effective as the full-length protein at 
suppressing Bax-induced apoptosis, whereas the RING 
3 0 domain of XIAP had no effect. Treatment of Bax 

expressing cells with the caspase inhibitor zVAD-fmk 
reduced the level of apoptosis to about 5% . 



35 



These results indicate that XIAP inhibits 
caspase activation in living cells. Furthermore, the 
ability of the BIR expressing construct to inhibit 
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apoptosis demonstrates that the inhibitory activity of 
XIAP correlates with the ability of XIAP to bind a 
caspase . 

DEVD-AFC hydrolysis assays and immunoblot 
5 analysis revealed that extracts prepared from Bax 

transfected 293T cells contained substantially higher 
amounts of caspase activity and processed caspase-3 
compared to control transfected cells. In contrast, 
analysis of extracts from cells cotransf ected with Bax 

10 and XIAP revealed that XIAP markedly inhibited Bax- 

induced generation of caspase activity and pro-caspase-3 
processing. This suppression of pro-caspase-3 processing 
in cells and in cytosolic extracts in vitro indicates 
that XIAP either blocks the activity of caspases upstream 

15 of caspase-3 or prevents caspase-3 -mediated processing of 
pro-caspase-3, thus preventing an auto- amplification 
process, whereby a small amount of processed and active 
caspase-3 cleaves and activates additional pro-caspase-3. 

EXAMPLE IV 

20 n-iap-i an j r-TAP-2 SELECTIVELY. BIND 

TO PAfiPAS T^-^ AND CASPASE -7 AND 
J NFTRTT THE flPT'TVTTY OP THESE CASPASES 

This example demonstrates that c-IAP-1 and 
c-IAP-2, like XIAP, bind to caspase-3 and caspase-7, 
25 inhibit the processing of pro-caspase-3 and pro-caspase-7 
to the active caspases, and inhibit caspase-3 and 
caspase-7 activity. 



30 



c-IAP-1 and c-IAP-2 cDNA sequences were 
obtained by RT-PCR of RNA obtained from Jurkat T cells 
The following PCR primers were used: 

5 • - AGGGAATTCATGCACAAAACTGCCTCCCA- 3 ' (c-IAP-1 forward 
primer; SEQ ID NO: 7) ; 

5 • - CTCCTCGAGGATGGCTTCAAGTGTTCAAC- 3 ' ( c - IAP- 1 reverse 
35 primer; SEQ ID NO: 8); 
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5 1 - AGGGAATTCATGAACATAGTAGAAAACAGCA- 3 1 (c-IAP-2 forward 
primer; SEQ ID NO: 9) ; and 

5 1 - CTCCTCGAGAGATGATGTTTTGGTTCTTCTT - 3 1 ( c - IAP - 2 reverse 
primer; SEQ ID NO: 10) . PCR products were digested with 
5 Eco RI and Xho I and ligated into pGEX4T. c-IAP-l(BIR) 
and c-IAP-2 (BIR) constructs were generated by PCR of the 
full length constructs using the same forward primers and 
the following reverse primers: 

5 ' - CTCCTCGAGGATCTAACCTTGAATCTCATCAACAAAC- 3 ■ ( c - IAP - 1 ; SEQ 
10 ID NO: 11) ; and 

5 ' - CTCCTCGAGGATCTACTTGAACTTGACGGATGATGAAC - 3 ' (c-IAP-2 ; 
SEQ ID NO: 12) . 



All c-IAP constructs were expressed in E. coli 

strain BL21(DE3) containing the plasmid pT-Trx (see 
15 Example I. A) . E. coli was grown at 30 °C to an optical 

density of 0.5; fusion protein expression was induced at 
30 °C with 0.4 mM IPTG for 2 hr, except that GST-c-IAP-2 
expression was induced for 1 hr at room temperature . 
Fusion proteins were obtained from the soluble fraction 
20 and affinity purified on glutathione-SEPHAROSE by 

standard methods . Eluted proteins were dialyzed against 
PBS. 



Caspase activity was determined essentially as 
described in Example II, using the benzylyoxycarbonyl- 

25 DEVD-AFC (SEQ ID NO: 2) substrate and was assayed at 
37 °C using the Perkin-Elmer LS50B fluorometric plate 
reader in the kinetic mode with excitation and emission 
wavelengths of 400 nm and 505 nm, respectively. 
Inhibition rates and equilibria were calculated from 

30 progress curves, where substrate hydrolysis (100 /xM) was 
measured in the presence of caspase-3 (7 pM) , caspase-6 
(100 pM) , caspase-7 (150 pM) or caspase- 8 (125 pM) and a 
range of IAP concentrations for 0.025 to 1.5 ptM. 
Reactions were performed in caspase buffer (50 mM Hepes, 

3 5 100 mM NaCl, 1 mM EDTA, 0.1% CHAPS, 10% sucrose, 5 mM 
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DTT) . The inhibition constant, K it was calculated as 
described (Zhou et al., supra, 1997). Immunoblot 
analysis was performed as described in Example I.B.3. 

5 Like XIAP, c-IAP-1 and c-IAP-2, as well as 

constructs comprising the BIR domains of these IAP 
proteins, also inhibited caspase-3 and caspase-7 activity 
in in vitro assays. K ± for caspase-3 was as follows: 
c-IAP-1 (Ki 120 nM) ; c-IAP-1 (BIR) (K ± 330 nM) ; c-IAP-2 (Ki 

10 40 nM) ; and c-IAP-2 (BIR) (Ki 260 nM) ; and K A for caspase-7 
was as follows: c-IAP-1 (K A 53 nM) ; c-IAP-1 (BIR) 
(K ± 160 nM) ; c-IAP-2 (Ki 26 nM) ; and c-IAP-2 (BIR) 
(K A 238 nM) . In addition, GST constructs of c-IAP-1, 
c-IAP-1 (BIR) , c-IAP-2 and c-IAP-2 (BIR) , as well as NAIP, 

15 bound caspase-3 and caspase-7 in vitro, as demonstrated 
using the glutathione -SEPHAROSE affinity chromatography 
(see Example II), whereas the caspases did not bind to a 
control GST-CD40 construct. 



The c-IAP proteins also inhibited caspase 
20 activity in the cell-free assays. Addition of 3 fiM 
c-IAP-1, c-IAP-1 (BIR) , c-IAP-2 or c-IAP-2 (BIR) to 
293 cell cytosolic extracts activated for 30 min with 
cytochrome c and dATP inhibited DEVD hydrolysis. 
Furthermore, as demonstrated for XIAP, immunoblot 
25 analysis confirmed that the inhibition of caspase 
activity correlated, in part, with inhibition of 
processing of pro-caspase-3 and pro-caspase-7 to 
caspase-3 and caspase-7, respectively. 

3 q These results demonstrate that IAP proteins can 

bind to and inhibit the activity of caspases and confirm 
the general regulatory effect that IAP proteins have with 
respect to the caspases. 
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EXAMPLE V 

XIAP DIFFERENT IALLY INHIBITS PROCESSING AND ACTIVATION OF 
PRO-CASPASE-3 IN EXTRACTS TREATED WITH CASPASE-8 AS 
COMPARED TO EXTRACTS TREATED WITH CYTOCHROME C 

5 This example demonstrates that XIAP 

differentially inhibits processing and activation of 
pro-caspase-3 in extracts treated with caspase-8 as 
compared to cytochrome c. 

In a cell-free system, the addition of 
10 exogenous active caspase-8 or cytochrome -c to cytosolic 
extracts can induce proteolytic processing of 
pro-caspase-3 (Liu et al . , supra, 1996; Muzio et al . , 

supra, 1997) . Caspase-8 induced proteolytic processing 

of pro-caspase-3 into its characteristic p20 and pl7 
15 forms. The small pl2 subunit of caspase-3 was 

undetectable with the ant i- caspase-3 antibody used for 
these studies . 

The cowpox CrmA protein is a serpin that binds 
tightly and potently inhibits the proximal cell death 
20 protease caspase-8, but is far less active against 
caspase-3 and other downstream effector caspases 
(Komiyama et al . , J. Biol. Chem. 269:19331-19337 (1994); 
Orth and Dixit, J. Biol. Chem. 27:8841-8844 (1997); 
Srinivasula et al . , Prog. Natl. Acad. Sci . , USA 
25 93:14486-14491 (1996); Zhou et al . , supra, 1997). As a 

control, recombinant purified CrmA was added to the 
extracts concurrently with active caspase-8. Addition of 
recombinant CrmA completely prevented caspase-8 induced 
processing of pro-caspase-3 . However, subsequent 
3 0 addition of cytochrome c and dATP bypassed the 

CrmA-mediated inhibition of pro-caspase-3 processing 
(Figure 1A) . Relatively large quantities of CrmA (10 /xM) 
failed to substantially suppress the cytochrome c- induced 
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processing of pro-caspase-3 , whereas 0.1 /iM of CrmA 
completely inhibited caspase- 8 -induced processing of 
pro-caspase-3. Thus, CrmA is a relatively potent 
inhibitor of caspase- 8 induced processing of 
5 pro-caspase-3, but is far less effective against the 
cytochrome c-mediated activation of pro-caspase-3. In 
contrast, addition of 0.1-0.2 recombinant XIAP 
effectively abolished cytochrome c-induced processing of 
pro-caspase-3 in cytosolic extracts. Similar results 

10 were obtained when caspase activity was assayed in 

cytosolic extracts by measuring the rate of Ac - DEVD -AFC 
hydrolysis (Figure IB) . These results indicate that 
caspase -8 is upstream or independent of the cytochrome c 
pathway and further demonstrate that XIAP functions 

15 downstream of cytochrome c by inhibiting pro-caspase-3 
processing, consistent with previous studies. 

For the CrmA and XIAP inhibition of caspase-8 
and cytochrome c-induced processing and activation of 
pro-caspase-3 shown in Figure 1A 0.1 /iM recombinant 

20 purified active caspase-8 was added to cytoplasmic 

extracts from 293 cells in the absence or presence of 0 . 5 
/iM CrmA; 10 fiM cytochrome c and 1 mM dATP; or 0.2 fM 
XIAP. Samples were incubated at 30 °C for 30 minutes. 
Extracts were then separated by SDS-PAGE electrophoresis, 

25 transferred to nitrocellulose and incubated with antisera 
specific for the zymogen and large subunit of caspase-3. 

For caspase activation in cytosolic extracts, 
cytosolic extracts were prepared using 293 embryonic 
kidney cells essentially as described in Liu et al . , 

30 supra, 1996, with several modifications as follows. 

Briefly, cells were washed with ice-cold buffer A (20 mM 
Hepes [pH 7.5], 10 mM KC1, 1 . 5 mM MgCl 2 , 1 mM EDTA, and 1 
mM DTT) and suspended in 1 volume of buffer A. Cells 
were incubated on ice for 20 minutes and then disrupted 

35 by passage through a 26 gauge needle 15 times. Cell 
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extracts were clarified by centrif ugation at 16,000 xg 
for 30 minutes and the resulting supernatants were stored 
at -80 °C. For initiating caspase activation, either 10 
/zM horse heart cytochrome c (Sigma, Inc.) together with 1 
5 mM dATP, or 100 nM of purified recombinant caspase-8, was 
added to extracts (10-15 mg total protein/ml) . 

DEVD-AFC cleavage activity was analyzed as 
follows. Briefly, caspase activity was assayed by 
release of amino- 4 -tr if luoromethyl-coumerin (AFC) or 

10 p-nitroanilide (pNA) (Enzyme System Products) from YVAD- 
or DEVD- containing synthetic peptides using 
continuous -reading instruments as described previously 
(Quan et al . , J. Biol . Chem. 270:10377-10379 (1995); 
Stennicke and Salvesen, J. Biol. Ch^m. 272:25719-25723 

15 (1997) ) . Tetrapeptide inhibitors were purchased from 
Calbiochem. 

Using immunoblot analysis, the processing of 
pro-caspase-3 , pro-caspase-6 and procaspase-7 was studied 
in caspase-8 and cytochrome c- induced extracts in the 

20 presence or absence of recombinant XIAP (Figure 2) . 
Addition of either cytochrome c with dATP, or active 
caspase-8, to cytosolic extracts in the absence of XIAP 
resulted in the proteolytic processing of caspases-3, -6 
and -7, as indicated by the conversion of their zymogen 

25 forms. In contrast, addition of XIAP to 

cytochrome c treated extracts inhibited processing of the 
three pro-caspases . As shown in Figure 2A, most of 
caspase -3 remained in the unprocessed form (~3 6 kDa) in 
cytochrome c treated extracts containing XIAP, although a 

30 small amount of the large subunit of caspase- 3 was 

detected. In extracts treated with caspase-8, processing 
of pro-caspase-6 and pro-caspase-7 was also blocked by 
XIAP; however, pro-caspase-3 was cleaved into large and 
small subunits. As shown in Figure 2A, the ~36 kDa 

35 zymogen of caspase -3 was almost completely consumed while 
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a ~24 kDa form of the large subunit of caspase-3 
accumulated. Little or none of the mature ~20 kDa and 
~17 kDa forms of the caspase-3 large subunit were evident 
in extracts treated with caspase-8 and XIAP (Figure 2A) . 



5 Processing of pro- caspase-3 involves an initial 

cleavage that generates the pl2 small subunit, and a 
partially processed p24 large subunit (Martin et al . # 
rmro J. 15:2407-2416 (1996)). The p24 large subunit is 
further processed by autocatalytic removal of its 

10 N- terminal pro-domain to generate either p20 or pl7 forms 
of the large subunit (Martin et al . , supra, 1996). As 
described above, the partially processed p24 form 
accumulated in the caspase-8 and XIAP treated extracts. 
These results indicate that XIAP blocked only the 

15 autocatalytic processing of the large subunit of 

caspase-3 and did not inhibit the initial cleavage of 
pro-caspase-3 by caspase-8. In contrast, in cytochrome c 
treated extracts, XIAP strongly suppressed the initial 
processing of pro-caspase-3 into large and small 

2 0 subunits. 

In order to analyze whether processed caspase-3 
was bound to XIAP, GST-XIAP protein was recovered from 
the extracts described above using glutathione - Sepharose , 
(Figure 2A right panel; lane 1) . In cytochrome c-treated 
25 extracts, no caspase-3 molecules were associated with 

GST-XIAP protein. In contrast, in extracts treated with 
caspase-8, GST-XIAP predominantly bound the p24 form of 
the large subunit of caspase-3 (Figure 2A, lane 2) . As a 
control, GST-XIAP was added to extracts that had 

3 0 previously been treated with cytochrome c for 1 hr and 

then recovered on glutathione -Sepharose (lane 3) , 
demonstrating that active caspase-3 bound to GST-XIAP, 
and that most of the large subunit of caspase-3 had been 
processed to pl7 and p20 forms with only a small 
35 proportion of the partially processed p24 form present. 
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Similar results were obtained when GST-c-IAP-1 or 
GST-c-IAP-2 was substituted for GST-XIAP. 



XIAP also bound to the p24 form of partially 
processed caspase-3 in cells over- expressing Fas (CD95) , 
5 a known activator of caspase-8. As shown in Figure 2B, 
Fas -induced apoptosis was markedly suppressed in 293 
cells co-transf ected with plasmids encoding Fas and 
myc-epitope tagged XIAP. Immunoprecipitation of myc-XIAP 
protein from lysates obtained from Fas -overexpres sing 293 

10 cells revealed associated p24-caspase-3 (Figure 2B; right 
panel; lane 4) . In contrast, in cells overexpres sing 
Bax, which induces cytochrome c release from 
mitochondria, (Rosse et al . , Nature 391:496-499 (1998)), 
pro- caspase-3 processing was completely prevented, and no 

15 forms of processed caspase-3 were co-immunoprecipitated 
with XIAP. 



In sum, little or no processing of caspases-3, 
-6 and -7 occurs in cytochrome c treated cells in the 

20 presence of XIAP, indicating that XIAP inhibits the 
cytochrome c pathway upstream of these caspases. In 
contrast, XIAP inhibits the caspase-8 apoptotic pathway 
at the level of caspase-3, allowing caspase-8 to induce 
processing of caspase-3 but preventing the subsequent 

25 autocatalytic maturation by directly binding to and 

inhibiting the partially processed enzyme. These results 
also indicate that caspases-6 and -7, which remain mostly 
in their zymogen forms in the presence of XIAP, can be 
downstream of caspase-3 in the caspase-8 apoptotic 

3 0 pathway . 

As illustrated in Figure 2C, caspase-8 and 
cytochrome c can activate pro- caspase-3 independently, 
with each pathway inhibited by XIAP at distinct points. 
35 The results described above indicate that XIAP blocks the 
caspase-8 -induced apoptotic program by directly 
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inhibiting caspase-3, thereby preventing the activation 
of downstream caspases-6 and -7. The results described 
above also indicate that XIAP inhibits another protease 
that lies upstream of caspases-3, -6 and -7 in the 
5 cytochrome c apoptotic program. 

For the XIAP-mediated inhibition of pro-caspase 
-3, -6 and -7 processing in cytochrome c and caspase-8 
treated extracts shown in Figure 2A, cytochrome c (10 jiM) 
together with dATP (1 mM) or active caspase-8 (0.1 fiM) 

10 were added to cytosolic extracts from 293 cells with or 
without GST-XIAP (0.2 pM) . Extracts were incubated at 30 
°C for 1 hr and then analyzed by immunoblot analysis for 
the zymogen and large subunits of caspase-3 or for the 
zymogen forms of caspases-7 and -6. For some analyses, 

15 samples of extracts containing GST-XIAP were also 

incubated with glutathione -Sepharose beads. Resulting 
bound proteins were analyzed by SDS-PAGE and 
immunoblotting using anti-caspase-3 antiserum. In 
experiments with GST and other control GST- fusion 

2 0 proteins, neither inhibition of caspase processing nor 

caspase binding was observed. 

GST-XIAP, c-IAP-1 and c-IAP-2 were expressed 
and purified as described (Roy et al . , EMBO J » 
16:6914-6925 (1997)). Control GST proteins used for 
25 these experiments and those set forth below included GST 
nonfusion, various GST fusions such as GST-CD40, 
GST-Bcl-2, GST-TRAF-3 and a GST-NAIP fusion protein in 
which the NAIP protein fragment fails to properly fold, 
as determined by circular dichroism. 

3 0 GST "pull -down 11 assays were performed as 

follows. U937 or 293 cells were cultured in 
methionine -free RPMI or DMEM containing dialyzed 5% FBS 
and 50 /iCi/ml 35 S-L -methionine for 3 hrs prior to 
extraction into TBS containing 1% Triton-XlOO and 1 mM 
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DTT. Lysates were pre -cleared by addition of 
glutathione -GST beads and incubation for 1 hr at 4 °C. 
Glutathione beads were then removed by cent rifugat ion and 
washed two times with TBS containing 1% Triton- 100 and 1 
5 mM DTT. Bound proteins were resolved in SDS-PAGE gels. 



For determination of apoptotic activity in 
Figure 2B, 2 93 cells in 60 mm dishes were transiently 
trans feet ed with 6 fig of pcDNA-myc-tag control or 
pcDNA-myc-XIAP plasmids, and either 2 ug of pCMV5 or 
10 pCMV5-Fas plasmid DNA. All transf ections included 0.5 ug 
of pEGFP as a marker and were normalized for total DNA 
content. The percentage of GFP positive cells with 
apoptotic morphology and nuclear changes consistent with 
apoptosis were enumerated by DAPI -staining (mean + SD; n 

15 = 3) at 36 hrs. Alternatively, cell lysates were 

prepared, and immunoprecipitates were collected using 
anti-myc monoclonal antibody with protein-G-Sepharose, 
followed by SDS-PAGE immunoblot assay using 
anti-caspase-3 antiserum (Krajewska et al., supra 1997) 

20 to reveal the XIAP-associated p24 isoform of partially 
processed caspase-3 . Lanes correspond to cells 
transf ected with: (1) control plasmid; (2) myc-XIAP; (3) 
Fas plus myc-control; and (4) Fas plus myc-XIAP. 



Apoptotic assays were performed as follows. 

25 293 cells were transf ected as described above, except 
that 0.5 fig pEGFP plasmid DNA was included. Both 
floating and adherent cells were recovered 24-3 6 hrs 
later, and the percentage of GFP-positive cells that 
exhibited apoptotic morphology was determined by staining 

30 with 0.1 mg/ml DAPI (Roy et al . , supra, 1997). 



Co-immunoprecipitations and immunoblot assays 
were performed as follows. Human embryonic kidney 293T 
cells were maintained in DMEM supplemented with 10% fetal 
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bovine serum, 1 mM L-glutamine and antibiotics. 2X 10 6 
cells were plated in 10 mm dishes and 24 hr later 
transiently co-transf ected with 2 fig of either 
pFLAG-CMV2-caspase-9 or pCMV-Fas and 6-8 /ig of either 
5 pcDNA3myc-XIAP, pcDNA3myc-c-IAP-l, pcDNA3myc-c- IAP-2 , or 
pcDNA3myc- control plasmid DNA by a calcium phosphate 
precipitation method (Roy et al., supra, 1997). Cells 
were collected 24-48 hrs later by centrif ugation, washed 
in ice cold PBS and lysed for 20 minutes in lysis buffer 

10 (10 mM Hepes, 142 mM KCl, 5 mM MgCl 2 , 1 mM EGTA, 0.2% 

NP-40) . Lysates were cleared by centrif ugation at 16,000 
X g for 30 minutes. Myc-tagged IAP proteins were 
immunoprecipitated with 40 fil of anti-myc 9E10 antibody 
immobilized on Protein G-Sepharose (Santa Cruz) for 2 

15 hrs. Immunoprecipitates were washed 3 times with lysis 
buffer, and bound proteins separated by SDS-PAGE and 
analyzed by immunoblotting using antibodies specific for 
the FLAG epitope (Kodak, Inc.), myc-epitope, or 
caspase-3 . 

20 

Immunoblotting for caspases was performed as 
described above using 750 mM Tris/12% polyacrylamide 
gels, after normalizing cell lysates for protein. 
Antisera specific for caspase-3, -6 and -7 were prepared 
25 as described previously (Krajewski et al . , supra, 1997; 
Orth et al., supra, 1996; Srinivasula et al . , J . B i o l . 
Chem. 271:27099-27106 (1996)). 

EXAMPLE VI 

T fi ?g ASSOCTATR WITH C A SPASR-9 IN CYTOCHROME C TREATED 
30 CYTOSOLIC EXTRACTS 

This example demonstrates that XIAP, c-IAP-1 
and c-IAP-2 can associate with the zymogen of caspase-9. 



98S3091A1_L> 



WO 98/53091 PCTAJS98/07357 

54 

To identify the protease that XIAP inhibits in 
the cytochrome c pathway, cytosolic extracts were 
prepared from 293 cells cultured in the presence of 
35 S-Ii-methionine . GST-XIAP or various control GST 
5 proteins, such as GST-TRAF-3, were then added to the 

metabolically labeled extracts and subsequently recovered 
using glutathione -Sepharose . As shown in Figure 3A, 
separation of bound proteins by SDS-PAGE revealed an ~50 
kDa 35 S- labeled protein that associated specifically with 
10 GST-XIAP. 



Two known caspases have a molecular mass of ~50 
kDa: caspase-2 and caspase-9. Caspase-2 does not appear 
to be activated in cytochrome containing extracts (Roy et 
15 al . , supra, 1997) . To assay whether caspase-9 can 

associate with XIAP, pro- caspase-9 was in vitro 

translated in the presence of 3S S-L- methionine and 
incubated with GST-XIAP, GST-c-IAP-1, GST-c-IAP-2, or 
with GST control proteins that fail to prevent caspase 
20 activation by cytochrome c (Roy et al . , supra, 1997). 

Each of GST-XIAP, GST-c-IAP-1 and GST-c-IAP-2, but not 
GST- control proteins, associated with pro- caspase -9 
(Figure 3B) . Taken together, these results indicate that 
XIAP, c-IAP-1 and c-IAP-2 can associate with the zymogen 
25 of caspase-9. In contrast, only the active forms of 

caspase -3 and -7 bind to these IAPs (Roy et al. , supra., 

1997) . 

For the results shown in Figure 3A, GST-XIAP 
was incubated in lysates from U93 7 cells that had been 

3 0 cultured in 35 S-L-methionine containing media. Lysates 
were incubated at 4 °C for 1.5 hrs with GST, GST-TRAF-3 
(1-357) , or GST-XIAP. Proteins were separated on 
SDS-PAGE gels and analyzed by autoradiography. The 
asterisk indicates a background band which was 

35 non- specifically recovered with the beads and serves as a 
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loading control. Similar results were obtained using 
extracts from 293 cells. 

For the results shown in Figure 3B, about 2 /zM 
GST-XIAP, c-IAP-1, c-IAP-2 or a GST-control fusion 
5 protein immobilized on glutathione -Sepharose was 

incubated with ±0 fil of reticulocyte lysate containing in 
vitro translated 35 S- labeled pro-caspase-9 . After 
extensive washing, bound proteins were analyzed by 
SDS-PAGE and autoradiography. As a positive control, 1.5 
10 ptl of the in vitro translated reaction (IVT) was 

analyzed . 

EXAMPLE VI I 

T a ? p m.orK PRO- C ASPASE-9 PROCESSING TN CYTQSQLTC EXTRACTS 

yRp.RTgn WITH CYTOCHROME C 

!5 This example demonstrates that XIAP, c-IAP-1 

and c-IAP-2 can block pro-caspase-9 processing in 
cytosolic extracts treated with cytochrome c. 

Based on the observation the XIAP, c-IAP-1 and 
c-IAP-2 can bind pro-caspase-9 in vitro, these proteins 

20 were assayed for the ability to inhibit activation of 

pro-caspase-9. Cytochrome c was first added to cytosols 
and processing of in vitro translated 3S S-pro-caspase-9 
analyzed in the presence and absence of IAPs . As shown 
in Figure 4, pro-caspase-9 remained unprocessed when 

25 incubated with cytosolic extracts; however, upon addition 
of cytochrome c, pro-caspase-9 was cleaved into fragments 
characteristic of the active subunits of the enzyme. 
Addition of XIAP nearly completely abolished 
pro-caspase-9 processing, and c-IAP-1 and c-IAP-2 also 

30 inhibited pro-caspase-9 processing, albeit to a lesser 
extent. These results demonstrate that, not only is 
pro-caspase-9 bound by XIAP, c-IAP-1 and c-IAP-2, 
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pro-caspase-9 processing also is inhibited by these IAP 
family proteins. 

For the results shown in Figure 4, in vitro 

translated 35 S- labeled pro-caspase-9 was added to 
5 cytosolic extracts from 293 cells, and subsequently 

incubated for 30 min at 3 0 °C with (lanes 2-6) or without 
(lane 1) 10 jiM cytochrome c and 1 mM dATP in the presence 
or absence of 0.2 /iM GST- IAP proteins or a GST control 
protein. Cytochrome c induced processing of pro- 
10 caspase-9 was subsequently monitored by SDS-PAGE and 

autoradiography. The positions of the processed subunits 
of caspase-9 are indicated in Figure 4 by asterisks. 

EXAMPLE VIII 

RECONSTIT UTION OF CASPASE-9 PROCESSING IN VITRO 

15 This example demonstrates that IAP family 

proteins can inhibit caspase-9 processing in an in vitro 

reconstitution system. 

An in vitro reconstitution system was employed 

to further analyze the effects of IAP family proteins on 
20 cytochrome c-induced processing of pro-caspase-9. The 

in vitro reconstitution system included cytochrome c and 

dATP, in vitro translated apoptotic protease activating 

factor- 1 (Apaf-1) , and 35 S- labeled caspase-9 zymogen. As 
shown in Figure 5A, incubation of Apaf-1 with 

25 pro-caspase-9 did not result in processing unless 

cytochrome c and dATP were also present. Addition of 
XIAP, c-IAP-1 and c-IAP-2 to reactions containing Apaf-1 
together with cytochrome c and dATP completely blocked 
pro-caspase-9 processing. Conversely, various control 

3 0 GST- fusion proteins failed to inhibit the cytochrome 
c-induced cleavage of pro-caspase-9 under these 
conditions. The addition of cytochrome c and dATP to 
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pro-caspase-9 in the absence of in vitro translated 
Apaf-1 revealed no processing of the zymogen (Figure 5A) . 
Conversely, incubation of Apaf-1 with cytochrome c and 
the pro-form of caspase-3 in the absence of pro-caspase-9 
5 did not result in activation of pro-caspase-3 , 

establishing the requirement for caspase-9 in this 
system, consistent with the results of Li et al . , 
supra, 1997; Liu et al., supra, 1996; and Zou et al . , 

supra, 1997. 

10 Unlike the IAPs, recombinant Bcl-X L protein did 

not suppress the in vitro processing of 
pro-caspase-9- induced by the combination of Apaf-1, 
cytochrome c and dATP (Figure 5B) . Bcl-X L also did not 
inhibit the cytochrome c-induced activation of caspases 

15 in cytosols (not shown) . The same preparation of 

recombinant Bcl-X L protein, however, was fully functional 
in ion-channel formation assays using KCl-loaded 
liposomes (Schendel et al . , Proc . Natl. ACflfl . Sc i . . USA 
94:5113-5118 (1997)) and competent at dimerizing with 

20 other Bcl-2 family proteins. Thus, Bcl-X L does not block 
pro-caspase-9 processing mediated by cytochrome c and 
Apaf-1 under these in vitro conditions. These results 
indicate that Bcl-X L and Bcl-2 are upstream or at the 
level of cytochrome c release and are consistent with 

25 previous results (Kharbanda et al . , supra, 1997; and 
Kluck et al., FNBQ J. 16:4639-4649 (1997)). 



For the results shown in Figures 5A and 5B, in 
vitro translated 3S S-labeled pro-caspase-9 and Apaf-1 were 
incubated individually or together with 10 fiM 
30 cytochrome c and 1 mM dATP. Processing of pro-caspase-9 
in the absence or presence of 0.1 /iM of the indicated 
GST-IAP or 0.1 /iM Bcl-X L was then monitored by SDS-PAGE 
and autoradiography. Asterisks indicate the position of 
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the processed large subunit of caspase-9. Similar 
results were obtained when as much as 2 fiM Bcl-X L was 
added to cytochrome c-stimulated cytosolic extracts. 

To assay caspase-9 activation in vitro, one 

5 microgram of plasmids containing cDNAs encoding 

pro-caspase-9 (pET21 (b) -Mch-6) or Apaf-1 (pcDNA3-Apaf-l) 
was in vitro transcribed and translated in the presence 

of [ 35 S] -L- methionine using a coupled transcription/ 
translation TNT kit (Promega) according to manufacturer's 

10 instructions. Proteins were desalted and exchanged into 
Buffer A with Bio-spin P-6 columns (BioRad) . Caspase-9 
(2 /il) was combined with Apaf-1 (6 /il) and cytochrome 
c/dATP in a total volume of 10 pi with either Buffer A or 
an equal volume of GST-XIAP, GST-c-IAP-1, GST-c- IAP-2 or 

15 GST-NAIP and incubated for 1 hr at 30 °C. The reactions 
were analyzed by SDS-PAGE and autoradiography. For some 
experiments, in vitro translated His 6 - caspase-9 was 

purified by metal chromatography. 

EXAMPLE IX 

20 XIAP INHIBITS ACTIVE CASPASE-9 

This example demonstrates that XIAP is a direct 
inhibitor of caspase-9. 

The ability of XIAP to block pro- caspase-9 
processing in cytochrome c and dATP treated cytosols was 
25 compared to Ac-DEVD-fmk and zVAD-fmk. Ac-DEVD-fmk and 
zVAD-fmk are two well characterized caspase inhibitors 
that have been used extensively to address the role of 
caspases in cell death (reviewed in Jacobson and Evan, 
Curr. Biol. 4:337-340 (1994); Martin and Green, supra., 

30 1995; Patel et al . , FASEB J. 10:587-597 (1996)). As 

shown in Figure 6, XIAP is a more potent inhibitor than 
either Ac-DEVD-fmk or zVAD-fmk of cytochrome c-mediated 
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processing of pro-caspase-9 in cytosolic extracts. In 
these assays less than 0.2 of recombinant XIAP was 
typically sufficient to completely abolish processing of 
pro-caspase-9, whereas at least 5 /xM of zVAD-fmk or 
5 Ac-DEVD-fmk was required for similar inhibition. XIAP 
was also about 5 fold more potent than baculovirus p35 
protein at inhibiting cytochrome c-induced processing of 
pro-caspase-9 in these assays. 

Recombinant active caspase-9 was purified from 
10 E. coli extracts, and IAPs assayed for the ability to 

directly inhibit* its activity. Recombinant caspase-9 was 
found to be extremely sensitive to dilution. In 
addition, the fluorogenic tetrapeptides typically used 
for caspase assays proved to be poor substrates for this 
15 enzyme. Recombinant pro-caspase-3 was therefore used as 
a substrate for monitoring the activity of caspase-9. 

Incubation of caspase-9 with purified 
pro-caspase-3 resulted in proteolytic processing of 
pro-caspase-3 as determined by immunoblot analysis 

20 (Figure 7A) . Addition of an equimolar concentration of 
XIAP relative to caspase-9 strongly inhibited cleavage of 
pro-caspase-3. Activity of caspase-9 was also measured 
in a coupled reaction based on hydrolysis of Ac-DEVD-AFC 
as a result of caspase-3 activation in vitro. XIAP, 

25 c-IAP-1 and c-IAP-2 each efficiently inhibited 

pro-caspase-3 activation and cleavage of the tetrapeptide 
substrate, whereas various GST control proteins had no 
significant effect on pro-caspase-3 activation by 
caspase-9 (Figure 7B) . 



30 



Active caspase-3 is known to cleave and 
activate pro-caspase-9 (Srinivasula et al . , J , B i ol. 
Chem. 271:27099-27106 (1996)). To eliminate the 
possibility of a feedback loop in these experiments, XIAP 
was tested for inhibition of bacterially produced active 
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caspase-9 using in vitro translated and purified 
[ 35 S] -pro-caspase-9 as a substrate. As shown in 
Figure 7C, GST-XIAP protein potently inhibited processing 
of pro-caspase-9 in these in vitro reactions, whereas 

5 GST-control protein had little or no effect. In sum, 

these results demonstrate that XIAP is a direct inhibitor 
of caspase-9. 

Pro-caspase-9 inhibition by Ac-DEVD-fmk, 
zVAD-fmk and XIAP was compared as follows. In vitro 

10 translated 3S S- labeled pro-caspase-9 was added to 
cytosolic extracts from 293 cells containing 10 fiM 
cytochrome c and 1 mM dATP. Samples were incubated at 30 
°C for 30 minutes in the presence of the indicated 
concentrations of inhibitors. Proteins were separated on 

15 SDS-PAGE gels, dried directly, and exposed to film. 

For the results shown in Figure 7, active 
caspase-9 was produced in bacteria and purified as a 
His 6 - tagged protein. Caspase-9 activity was measured by 
monitoring the processing and activity of the purified 
recombinant zymogen form of caspase-3 that was produced 
in bacteria. Active caspase-9 (0.1 piM) was incubated 
with pro-caspase-3 (0.5 /iM) in the presence or absence of 
GST-XIAP (0.1 /iM) . Experiments were performed with two 
independent preparations of active caspase-9. Samples 
were subsequently analyzed for pro-caspase-3 processing 
by immunoblot analysis. Asterisks denote the processed 
forms of the large subunit of caspase-3. Samples were 
simultaneously assayed for release of the AFC fluorophore 
from DEVD-AFC. Activity was arbitrarily designated as 
100% for one of the two preparations of active caspase-9. 

Full length N-terminally tagged caspase-9 was 
subcloned from pcDNA3, Duan et al., J. Biol . Chem. P 
271:16720-4 (1996), which was provided by Dr. Vishva 
Dixit, into the Ncol-Xhol (blunt) sites of pET-23d as a 
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Ncol-Xbal (blunt) fragment. The resulting vector was 
introduced into BL21 ( DE3 ) , and fully processed enzyme 
was obtained when induced by 0.2 mM IPTG at O.D. (600nm) 
= 0.6 for 4 hours. The zymogen form of caspase-3 was 
5 obtained by expression as previously described except 
that the expression time was reduced to 30 minutes. 
Pro-caspase-3 and processed caspase-9 were isolated using 
Ni- chelate Sepharose (Pharmacia, Sweden) chromatography 
according to the manufacturer's recommendations and 

10 eluting with an imidazole gradient from 0-200 mM in 10 mM 
Tris, 100 mM NaCl, pH 8.0. The concentrations of the 
purified enzymes were determined from the absorbance at 
280 nM based on the molar absorption coefficients for the 
caspases calculated from the Edelhoch relationship 

15 (Edelhoch, 1967); caspase-3 (e 280 = 26000 M" 1 cm" 1 ), 
caspase-9 (e 280 = 3 0 0 1 0 M' 1 cm' 1 ) . 

For the results shown in Figure 7C, 
pro-caspase-9 was in vitro translated in reticulocyte 
lysates in the presence of 35 S-Ii-methionine and then 

20 purified by metal chromatography. The resulting samples 
(2 jil) were either immediately boiled in an equal volume 
of Laemmli buffer or incubated at 30 °C for 1 hr alone or 
with 0.1 fiM recombinant active caspase-9 in the presence 
or absence of 0.1 fiM GST-XIAP or a GST control protein. 

25 Proteins were analyzed by SDS-PAGE and autoradiography. 
An asterisk denotes the processed form of caspase-9. 
Recombinant GST control proteins had little or no effect 
upon caspase-9 activity in these assays. 



EXAMPLE X 

30 YTAP. c-IA P-1 AND c-TAP-3 INHTBTT CASPASE-9 INPUCEP 

pporF.SffTNft OF PR O-CASPASE-3 TN INTACT CELLS 

This example demonstrates that in intact cells, 
as in in vitro, IAP family proteins can inhibit caspase-9 

activity. 
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In view of the inhibitory effect of XIAP, 
c-IAP-1 and c-IAP-2 on pro -caspase -9 activation in vitro, 

IAP family proteins were assayed for the ability to 
protect against caspase- 9 -induced apoptosis in intact 
5 cells and to inhibit downstream events such as processing 
of pro-caspase-3. Overexpression of caspases in vivo 

often results in apoptosis (reviewed in Jacobson and 
Evan, supra, 1994; Martin et al . , supra, 1995; Patel et 

al . , supra, 1996); therefore, to explore the effect of 

10 IAPs on caspase- 9 activation in vivo, 293T cells were 

transfected with epitope tagged FLAG -caspase -9 alone or 
in combination with a myc- tagged IAP. Lysates were 
collected one day following transfection and the 
proteolytic processing of pro-caspase-3 examined by 

15 immunoblot analysis. As shown in Figure 8A, 

overexpression of caspase- 9 resulted in complete 
conversion of the caspase -3 zymogen and an increase in 
Ac-DEVD-AFC cleavage activity (Figure 8B) . In contrast, 
caspase- 9 -induced proteolytic cleavage of pro-caspase-3 

2 0 and Ac-DEVD-AFC cleavage activity was markedly reduced in 
2 93T cells that had been co- transfected with XIAP, 
c-IAP-1 or c-IAP-2. The observed inhibition of 
pro-caspase-3 processing by XIAP, c-IAP-1 or c-IAP-2 was 
accompanied by a reduction in the number of apoptotic 

25 293T cells (Figure 8C) . The more extensive suppression 

of DEVD- cleaving activity than of apoptosis can be due to 
caspase- 9 -induced protease activation as a consequence of 
the short half -life of IAP-family proteins. 

30 Given that the zymogen form of caspase- 9 binds 

to XIAP, c-IAP-1 and c-IAP-2 in vitro, IAP family 

proteins were assayed for the ability to bind caspase- 9 
in vivo. Using 293T cells co-transf ected with 

Flag-pro-caspase-9 and myc -epitope tagged IAP proteins, 
35 immunoprecipi tat ions were performed with ant i -myc 

antibody. The resulting immune -complexes were analyzed 
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by immunoblotting using antisera specific for the Flag 
epitope. As shown in Figure 8D, the zymogen form of 
caspase-9 co-immunoprecipitated with XIAP, c-IAP-1 or 
c-IAP-2 but not with various control proteins (Figure 8) . 
5 These results indicate that XIAP, c-IAP-1 and c-IAP-2 
each bind to pro-caspase- 9 in vivo and prevent its 
activation, thereby blocking activation of pro-caspase -3 
and, consequently, apoptosis. 

For the results shown in Figure 8, 293T cells 

10 were transfected with either FLAG tagged pro-caspase- 9 or 
pcDNA-myc-tag control plasmid DNA alone or in combination 
with myc-tagged XIAP, c-IAP-1, c-IAP-2 or a myc-tagged 
control protein. Cell lysates were prepared 16 hr later 
for either (A) immunoblot analysis of caspase-3, or (B) 

15 DEVD-AFC. Immunoblot analysis of pro-caspase-3 was 
performed with lysates from cells induced to undergo 
apoptosis by overexpressing pro-caspase- 9 in the absence 
or presence of the IAPs. For DEVD-AFC analysis, lysates 
were normalized for total protein content and assayed for 

20 hydrolysis of DEVD-AFC as described above. Relative 

apoptosis was scored at 1.5-2 days after transfection by 
DAPI staining (mean ± SE; n=3) for 293 T cells 
co-transfected with pGFP and FLAG- control or 
FLAG-pro- caspase-9, and either pcDNA3 -myc-tag control 

25 plasmid, pcDNA3-myc-XIAP, pcDNA3 -myc-IAP-1 or 

pcDNA3-myc- c-IAP-2. In panel D, IAP proteins were 
immunoprecipitated with anti-myc antibody immobilized on 
protein G-Sepharose at "16 hours post-transf ection. 
Immunoblot analysis with anti-FLAG antibody was employed 

30 for detection of pro-caspase- 9 in the resulting immune 
complexes. Lysates from the same cell (50 /*g per lane) 
were also analyzed by immunoblotting using anti-FLAG and 
anti-myc antibodies to verify expression of IAPs and 
caspase, respectively. 
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All journal article, reference and patent 
citations provided above, in parentheses or otherwise, 
whether previously stated or not, are incorporated herein 
by reference in their entirety. 

5 

Although the invention has been described with 
reference to the examples provided above, it should be 
understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly, 
10 the invention is limited only by the claims. 
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We claim: 

1. A method of identifying an agent that modulates 
the caspase inhibitory activity of an inhibitor of 
apoptosis (IAP) protein, comprising the steps of: 

5 a) contacting in vitro the caspase and the IAP, 

wherein the IAP inhibits the activity of the 
caspase, under conditions that allow caspase 
activity in the absence of the IAP, and an agent 
suspected of being able to modulate the caspase 
10 inhibitory activity of the IAP; and 

b) detecting caspase activity, wherein caspase 
activity identifies an agent that modulates the 
caspase inhibitory activity of the IAP. 

2. The method of claim 1, wherein said IAP is a 
15 eukaryotic IAP. 

3. The method of claim 2, wherein said eukaryotic 
IAP is an X chromosome linked IAP. 

4. The method of claim 2, wherein said eukaryotic 
IAP is selected from the group consisting of c-IAP-1 and 

20 c-IAP-2. 

5. The method of claim 1, wherein said caspase is 
selected from the group consisting of caspase-3, 
caspase- 7 and caspase- 9. 



9853091A1 I > 



WO 98/53091 PCT/US98/07357 

66 

6. The method of claim 1, wherein said conditions 
that allow caspase activity in the absence of the IAP are 
incubation of the caspase in a cytosolic extract 
containing cytochrome c. 

5 7. The method of claim 1, wherein said conditions 

that allow caspase activity in the absence of the IAP are 
incubation of the caspase in a cytosolic extract 
containing caspase- 8. 

8. The method of claim 1, wherein caspase activity 
10 is detected by proteolysis of a substrate. 

9. The method of claim 1, wherein caspase activity 
is detected using an antibody. 

10. A method of identifying an agent that modulates 
the activation of a pro-caspase by an inhibitor of 

15 apoptosis (IAP) protein, comprising the steps of: 

a) contacting in vitro the pro-caspase and the 
IAP, wherein the IAP inhibits activation of the 
pro-caspase, under conditions that allow activation 
of the pro-caspase in the absence of the IAP, and an 

20 agent suspected of being able to modulate caspase 

inhibitory activity of the IAP; and 

b) detecting caspase activity, wherein caspase 
activity identifies an agent that modulates the 
regulation of activation of the pro-caspase by the 

25 IAP. 

11. The method of claim 10, wherein said IAP is a 
eukaryotic IAP. 

12. The method of claim 11, wherein said eukaryotic 
IAP is an X chromosome linked IAP. 
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13. The method of claim 11, wherein said eukaryotic 
IAP is selected from the group consisting of c-IAP-1 and 
c-IAP-2. 

14. The method of claim 10, wherein said 

5 pro-caspase is selected from the group consisting of 
pro-caspase-3 , pro-caspase-7 and pro-caspase- 9 . 

15. The method of claim 10, wherein said conditions 
that allow activation of the pro-caspase in the absence 
of the IAP are incubation of the pro-caspase in a 

10 cytosolic extract containing cytochrome c. 

16. The method of claim 10, wherein said conditions 
that allow activation of the pro-caspase in the absence 
of the IAP are incubation of the pro-caspase in a 
cytosolic extract containing caspase-8. 

!5 i7. The method of claim 10, wherein said caspase 

activity is detected by proteolysis of a substrate. 

18. The method of claim 10, wherein said caspase 
activity is detected using an antibody. 
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19. A method of identifying an agent that alters 
the specific association of a caspase and an inhibitor of 
apoptosis (IAP) protein, comprising the steps of: 



a) contacting the caspase and the IAP, under 
5 conditions that allow the caspase and the IAP to 

specifically associate, with an agent suspected of 
being able to alter the association of the caspase 
and the IAP; and 

b) detecting an altered association of the 
10 caspase and the IAP, thereby identifying an agent 

that alters the association of the caspase and the 
IAP. 

20. The method of claim 19, wherein said contacting 
is performed in vitro. 



15 21. The method of claim 19, wherein said contacting 

occurs in a cell . 

22. The method of claim 19, wherein said IAP is a 
eukaryot i c IAP . 

23. The method of claim 22, wherein said eukaryotic 
20 IAP is an X chromosome linked IAP. 

24. The method of claim 22, wherein said eukaryotic 
IAP is selected from the group consisting of c-IAP-1 and 
c-IAP-2 . 



25. The method of claim 19, wherein said caspase is 
25 selected from the group consisting of caspase-3, 
caspase- 7 and caspase- 9. 
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26. A method of identifying an agent that alters 
the specific association of a pro-caspase and an 
inhibitor of apoptosis (IAP) protein, comprising the 
steps of : 

5 a) contacting the pro-caspase and the IAP, 

under conditions that allow the pro-caspase and the 
IAP to specifically associate, with an agent 
suspected of being able to alter the association of 
the pro-caspase and the IAP; and 

10 b) detecting an altered association of the 

pro-caspase and the IAP, thereby identifying an 
agent that alters the association of the pro-caspase 
and the IAP. 

27. The method of claim 26, wherein said contacting 
15 is performed in vitro. 

28. The method of claim 26, wherein said contacting 
occurs in a cell. 

29. The method of claim 26, wherein said IAP is a 
eukaryotic IAP. 

20 30. The method of claim 29, wherein said eukaryotic 

IAP is an X chromosome linked IAP. 

31. The method of claim 29, wherein said eukaryotic 
IAP is selected from the group consisting of c-IAP-1 and 
c-IAP-2. 

25 32. The method of claim 26, wherein said 

pro-caspase is pro-caspase- 9 . 
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33 . A method of reducing the severity of a 
pathologic condition in an individual by altering the 
level of apoptosis of a cell population, comprising 
administering to the individual an agent that alters the 
5 caspase inhibitory activity of an IAP. 



34. The method of claim 33, wherein said pathologic 
condition is characterized by a pathologically elevated 
level of apoptosis and wherein said agent increases the 
caspase inhibitory activity of an IAP. 

10 35. The method of claim 34, wherein said pathologic 

condition is a neurodegenerative disease. 

36. The method of claim 33, wherein the severity of 
the pathologic condition is reduced by increasing the 
level of apoptosis of the cell population and wherein 

15 said agent decreases the caspase inhibitory activity of 
an IAP. 

37. The method of claim 36, wherein said pathologic 
condition is cancer. 



38. The method of claim 36, wherein said pathologic 
20 condition is selected from the group consisting of 
psoriasis, an autoimmune disease and restenosis. 



39. A method of modulating the ability of a 
population of cells to survive ex vivo, comprising 

contacting the cells with an agent that alters the 
25 caspase inhibitory activity of an IAP in the cells. 
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FIG. 5A 
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IAP. Proc. Nafl Acad. Sci. (USA). November 1996, Vol. 93, 
pages 13786-13790, see especially Abstract and pages 13786- 
13787. 

DEVERAUX, Q.L. et al. X-linked IAP is a direct inhibitor of cell- 
death proteases. Nature. 17 July 1997, Vol. 388, pages 300-304, 
see entire article. 

US 5,766,848 A (BORDEN et al) 16 June 1998, see especially 
claims 3 and 4. 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 
This international report has not been established in respect of certain claims under Article 17(2X&) for the following reasons: 



I. I I Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. | Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



1. | | As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. QJ As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. | x| As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 
1-32 



4. I" | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 
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B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 

APS, AG R I COLA, BIOSIS, BIOTECHABS, BIOTECH DS CABA CANCERLIT. CAPLUS, CJACS. CONFSCI, 
DISSABS. EMBAL, EMBASE, FSTA. GENBANK, JICST-EPLUS. LIFESCl. MEDLINE. PROMT. SCISEARCH. 
TOXLINE, TOXLIT. WPIDS, WPINDEX 

search terms: caspase. procaspase, ced-3, ice, p3S, iap, assay, competitive, drug 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees 
must be paid. 

Group I, claim(s)l-9 and 19-25, drawn to a method of identifying an agent that modulates the caspase inhibitory activity 
of an IAP protein. 

Group II, claim(s) 10-18 and 26-32, drawn to a method of identifying an agent that modulates the activation of a pro- 
caspase by an IAP. 

Group III. claim(s) 33-38, drawn to a method of reducing the severity of a pathologic condition in an individual. 
Group IV, claim 39, drawn to a method of modulating the ability of a population of cells to survive ex vivo. 



The inventions listed as Groups I-IV do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for die following reasons: 

Groups l-IV are materially different methods which differ in objectives, methods steps, response variables and criteria for 
success. 

Claims of Groups I, II. Ill and IV are drawn to different methods of use of the product recited in Group I. Group I 
recites the special technical feature of identifying an agent that modulates the caspase inhibitory of an LAP protein not 
recited in Groups II-IV. Group II recites the special technical feature of a method of identifying an agent that modulates 
the activation of a pro-caspase by an IAP not recited in Groups 1 and UMV. Group III recites the special technical 
feature of a method of reducing the severity of a pathologic condition in an individual not recited in Groups I - 1 1 and IV. 
Group IV recites the special technical feature of a method of modulating the ability of a population of cells to survive ex 
vivo not recited in Groups II-IV. Lack of unity of invention may be held when claims are drawn to more than one use of 
a claimed product or composition. See 37 CFR 1.475 (d). 
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